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PREFACE 

TO THE THIRD EDITION. 



Half a century has glided by since the day when, after a visit from 
York to Eirkdale Cave, I took upon myself the task of preparing such 
a section of the Yorkshire coast, with figures and descriptions of the 
organic remains, as might exhibit the strata, from the lias to the Chalk 
inclusively, in their true relation to the better known series of the South 
of England. Previous to 1824 I had, in company with the " Father of 
English Greology," my uncle, W. Smith, gathered fossils beneath the 
romantic cliffs which support the Abbey (then almost entire) of Whitby 
and the Castle of Scarborough. But in that year I had the good fortune 
to become known to two of the most valuable of all my early friends, 
Mr. William Bean and Mr. John Williamson, and to profit by their 
admirable collections of recent and fossil shells, Crustacea, echinida, and 
corals dredged from the neighbouring sea or hammered out of the 
neighbouring rocks. Then also I began to trust myself as a public 
lecturer in geology and palaeontology, and to employ for illustration 
the very long section of the cliffs, with measured heights, which in a 
reduced form, with a few additions and corrections, appears in the 
present volume. 

Before the close of 1828 I found myself in a position to present cata- 
logues of the organic remains from every part of the coast, and to 
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arrange my numerous drawings of plants, corals, echinodermata, Crus- 
tacea, and shells in the order proper for their publication. The prepa- 
ration of the Plates was then a matter of some difficulty. Resolving to 
employ lithography and to execute every figure with my own hands, 
my lamp was lighted in the evening, and I occupied all the long winter 
nights in laborious drawing on stone with pen and ink, a process which 
had become familiar to me some years before. There being then no 
lithographic printer at York, Mr. Inchbold undertook successfully the 
operation at Leeds, and the volume ready in the spring of 1829 was, 
after supplying many subscribers, placed under the friendly care of 
Mr. Murray. 

For the Second Edition (1835) the Plates were copied in engravings on 
copper by Messrs. Dawson and Brown, of York. These Plates, corrected 
in several instances by my old friend Mr. Lowry, have furnished the 
impressions for this, which must be assumed to be my final edition. 

If it should be asked why, after so long an interval of years, it is now 
thought necessary to call the attention of geologists to a larger descrip- 
tion and fuller notices of the fossils of this coast, my reply must run 
thus : — ^First, part of the coast once visible is washed away by the sea, 
which has brought to light new facts of interest; next, some of the 
descriptions previously made can be enlarged and amended; thirdly, 
some well-known strata have acquired within a few years a vast com- 
mercial importance, especially the ironstones ; and, finally, vthe organic 
remains have not only been collected in still greater abundance than 
before, but have in several cases been more scrupulously investigated 
in regard to their geological habitat. In particular, the so-called 
diluvial phenomena have been more thoroughly explored, and connected 
with almost incredible changes of level of sea and land and vicissitudes 
of climate little dreamed of in 1828 or 1835. Finally, I own to a 
natural desire that my earliest geological work should be restored to the 
place in geological opinion which it held on its first appearance : if this 
could have been done by other hands than mine, I might have been 
content to lay on younger shoulders the burden of this task; for which, 



PREFACE. vii 

however, from the date of the earlier edition, I have never ceased to 
make preparation by renewed personal researches on the coast continued 
to near the close of 1873. 

In some of my latest, as formerly in some of my earliest, examinations 
of this coast, my companion has been Mr. J. E. Lee, with whom also I 
have lately repeated an excursion made forty years ago into that part of 
Lincolnshire which Mr. Judd has lately determined to contain Neoco- 
mian strata comparable in age to a part of the Speeton section. We also 
worked in the Oolitic tract of that county, so important for a right 
decision as to the age of the Yorkshire Oolites. Professor Williamson 
has continued the friendly aid experienced from his father ; and Mr. W. 
Gray, with whom I have climbed and measured both cliflFs and hills, has 
supplied some corrections of these measures in East Yorkshire by the 
latest results of the Trigonometrical Survey. 

The public collection at Whitby has been many times opened for my 
inspection by Mr. Simpson, who has bestowed so much attention on the 
Liassic fossils ; at York Mr. Wakefield assisted my reexaminations in the 
Museimi where I formerly worked ; my recollections of many well-known 
specimens were revived in several visits to the Scarborough Museum; 
and I owe much to the obliging help of Mr. Keeping in considering the 
rich drawers in the Woodwardian cabinets at Cambridge. 

I add with pleasure and thankfulness that, at the very outset of my 
design, Mr. Etheridge placed at my disposal his large experience in 
synonyms ; Mr. Gwyn JeflFreys has contributed, what few but himself 
could attempt with success, a complete revision of the nomenclature of 
Bridlington fossils; Professor Jones has prepared a Summary of the 
Oolitic Foraminif era of England ; and Mr. Whitaker a careful and labo- 
rious Catalogue of Books and Essays relating to the Geology of Yorkshire. 
Other acknowledgments of help, both kind and eflFectual, will be found 
in the body of the Work. 

If, after all, it should occur to any reader that, forgetful of advan- 
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cing years, I have undertaken a task which should have been left for 
others, 

quibus integer svi 

Sanguis, et solidas suo stant robore viree, 

I reply that, before encountering the labour of producing what in eflFect 
is a new and much enlarged volume on the Yorkshire coast, I was 
assured of the hearty cooperation of the two palseontologists who, by 
their residence at Scarborough and their untiring study of the fossils of the 
vicinity, were the most competent of all men to give eflFectual help, 
Mr. Leckenby and Dr. Lycett. To them, therefore, not my thanks only, 
but those of all geologists who feel an interest in the peculiar series of 
plants and animals whose remains enrich the mesozoic strata of York- 
shire, are especially due. 

The Yorkshire coast has ever been my delight : to sketch its romantic 
promontories, to climb and to measure its clifBs, to investigate its nume- 
rous fossils and its rich variety of marine life may be recommended to 
every lover of natural beauty and to every student of natural history. 
To them I bequeath what has been to me a labour of love, a life-long 
enjoyment — ^the study of the great Mesozoic Section here so plainly cut, — 
not doubting that kindly thoughts will accompany the corrections and 
additions which time has brought and still must bring to the work 
which I now consign to their use. 

Oxford, let May, 1874. 
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The sudden death of Professor Phillips when he had nearly completed this 
Third Edition of his Geology of the Yorkshire Coast, of necessity retarded 
its issue. Shortly after his removal I wrote to Messrs. Taylor and Francis, 
offering to assist any one who would aid in the somewhat anxious under- 
taking, and complete the work that distinguished geologist had so &r left 
undone. Some time elapsed and no one came forward to take it up as 
Phillips had left it: when, however, it was necessary that his valuable 
Library, Collection, and Philosophical Instruments should be distributed 
and the estate realized, certain letters, bearing much upon the new edition, 
came into the possession of W. Smith, Esq., of Cheltenham, cousin and 
executor to the late Professor ; these, with my offer to complete the book, 
met with his approval, and he at once intrusted the completion to me ; 
this also met with the approval of Messrs. Taylor and Francis, and also 
that of Prof. Prestwich, Phillips's successor to the chair of Geology in the 
University of Oxford. For many years I had given much attention to the 
Eastern part of Yorkshire, and on many occasions Professor Phillips consulted 
with me upon the many changes in his new edition ; and the new nomencla- 
ture he has adopted for the organic remains is that which I had rendered to, 
and corrected for, him not long before his death. I therefore felt anxious 
to see his work completed and issued, nearly, I believe, as he would have 
done had he lived. I have had 3500 Plates of sections coloured, and have 
also added a new Geological Map of the Eastern part of Yorkshire. This 
Map is part of the general one issued by Professor Phillips in 1853. The 

b 
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Map has been relithographed and recoloured especially for this edition, 
feeling that this would materially add to tiie usefulness and value of Prof. 
Phillips's work — especially so, as the Map above named (1853) was his own, 
and embodied his then latest views upon the geology of the eastern area. 
I knew that Phillips intended adding a new map to his new edition, and 
therefore believed it better to make use of that portion illustrating the 
range of his present work. I have made those changes needed to render the 
nomenclature that now adopted. I have to thank W. Smith, Esq., for his 
ready assent to all matters connected with the expense attendant upon the 
preparation of the Map and Sections (indeed all that part intrusted to me 
to finish), and his desire to see this last labour of Professor Phillips's, and 
also his first and earliest work, completed and given to the world. 



R. ETHERIDGE. 



Royal School of Mines, 28 Jermyn Street, 
June 1875. 
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CHAPTER I. 

SERIES OF YORKSHIRE STRATA : SILURIAN AND CARBONIFEROUS 

ROCKS, COAL. 

Yorkshire is one of the few counties of England which are defined by 
natural boundaries. On the west it reaches, and in some places extends 
beyond, the great summit ridge of the island ; the Tees is its natural 
limit on the north, the Dun for a great length on the south, and on the 
east it is washed by the German Ocean. Its area is divided into several 
obvious sections, distinguished alike by topographical features and 
geological structure. Along the middle of the county, from north to 
south, runs a wide level vale, filled with gravel, deposited on the New 
Red Sandstone, Red Marl, and Lias. From beneath rises towards the 
west an elevated undulated tract of carboniferous and calcareous rocks, 
which ascend to the summits of Micklefell, Ingleborough, and Pendle 
Hill ; whilst above, on the east, appear the more un^orm ranges of the 
Chalk and Oolite. The hilly western tract is grouped in two portions, — 
the district south of the Aire, in which, generally, sandstones and shales 
with coal abound; and the more elevated region north of that river, 
whose romantic dales are sunk into the Mountain-limestone, and whose 
picturesque hills are capped by Millstone-grit and the lower members of 
the coal series. 

No other English county, hardly any other natural district in Europe, 
exhibits, within so moderate a compass, as large a proportion of the fossi- 
liferous strata ; for its scale of ancient life extends almost continuously 
from the Silurian rocks to the Chalk, and admits small tracts of shelly 
beds allied to the Crag, and broad spaces of glacial drift, besides marine 
and freshwater deposits rich in remains of Pleistocene age. 

The diagram which follows will show the main features of the physical 
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geography of Yorkshire in relation to the successive strata, which, on 
the whole, are inclined to the eastward. 



West. 



Longitudinal Section of Strata in Yorkshire. 



Mountainous 
Region. 



Central 
Vale. 



Oolitic 
Hills. 



Chalk- 
Wolds. 



East. 
Holdemess. 




Line of half a mile depth below the sea-leyel. 

A. Silurian (unconformity here). B. Old Red (irregular). C. Mountain-limestone j^induding whinsill, 
marked W, page 3) and Millstone-grit. D. Coal-measures, hardly apparent at the suriaoe in the northern 
parts of the county. E. Magnesian and other Permian strata. F. New Red. G. Lias, with ironstone (t', 
page 3). H. Oohtio system, with ironstone (t", page 3). I. Speeton Clay. K. Chalk. L. Supposed Crag 
(very limited). M. Pleistocene deposits. 

By considering several lines of section, the succession of strata here 
sketched can he perfectly verified. On no one line do they all appear 
with equal distinctness. In thickness, all prohahly vary much ; hut this 
is especially to he remarked in the groups of Mountain-limestone and 
the oolites, which, in this region, admit many masses of sandstones and 
shales, with coal and ironstone of limited extent and great inequality of 
thickness. This is so remarkahle in Yorkshire as to replace the purely 
calcareous masses of Derbyshire limestone and Lincolnshire oolite with 
very complicated groups, resembling coal-fields, and in fact yielding 
workable coal. On the next page the Yorkshire groups of strata are 
placed in their true relations of superposition and thickness. 



West. 



Section across the Vale of York. 
York. 

A. 



East. 



Howardian Hills. 




B F 

Line at a depth of 1500 feet. 

D. Coal-measures, supposed to extend below the Vale of York. 
F. New Red. a. Sandstone, b. Marl. G. Lias. 



B. Permian strata. 
H. Oolite. 
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VERTICAL SECTION. 
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The total thickness of the Yorkshire strata above the Silurian rocks 
may be taken at about two miles, of which the Palseozoic strata occupy 
two thirds. The Carboniferous strata are all found in greatest mass on 
the south-western border ; they become even twice as thick in the Lan- 
cashire and Cheshire district ; but through Derbyshire on the south and 
Durham on the north the analogy with Yorkshire is maintained in this 
respect. 

The description of the mountainous region west of the Vale of York, 
composed of Palaeozoic rocks, is given in a separate volume ; but some 
remarks are here necessary to show the true relation of the Carboniferous 
system there exhibited with the Mesozoic strata which overlie them in 
the Vale of York, and constitute the eastern hills, vales, and coast, which 
are the principal subject of the following pages. 



Section across the northern part of the Vale of York, anciently called Vale of Mowbray, 

showing Carboniferous system of Strata at considerable depth. 

Weft EnBt. 



Brimham 
Bocks. 



Ripon. 



Thirek. 



nambleton 
Hillfl. 




Line at a depth of 1500 feet below sca-leyel. 



C. Strata of the Mountain -limestone seriea, partly Yoredale rocks, at Middleton Tjas, partly Millstone-grit, as 
near Ripon, no true Coal-measures (D) being visible at the surface. E. Permian strata. F. New Red 
torination. G. Lias, with ironstone, i', included, and marlstone below it. 11. Oolite, with ironstone, t", 
at the base. 

One of the most reninrkable features in the geological topography of 
Britain is the irregular ramification of the hilly Carboniferous system ; 
for this is so wrinkled by ridges and hollows, and broken into islands, as 
to justify, on a first view, the popular idea of coal being found in separate 
basins. This is true in some instances : but for many large tracts a more 
comprehensive, if not a better explanation is to be sought ; for, without 
doubt, the great tracts of Millstonc-grit and Lower Coal-measures in the 
north of England were all deposited on one general floor of ocean-born 
limestone ; they are, in fact, still connected from Northumberland, 
through Durham and Yorkshire, to Lancashire, Derbyshire, and Cheshire ; 
and coal laid parallel to the other strata occurs in all parts of the series of 
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PROBABLE RANGE OF COAL. 



Mountain-limestone and Millstone-grit, commonly in the north, though 
rarely in the south. 

The interruptions at the surface, between the Lancashire and Yorkshire 
coal-fields, are quite consistent with the conviction of the former conti- 
nuity of these deposits, their actual separation being due to anticlinal 
movements and faults, followed by great denudation, a common and 
well-understood occurrence. A case of much practical importance arises 
for consideration in the actual separation at the surface of the coal-fields 
of Durham and Yorkshire ; for this separation is accompanied by circum- 
stances which suggest the reunion of the two branches below the later 
strata which fill the Vale of York, though the interval between them at 
the surface is about fifty miles. 



Diagram Map. 
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To understand this case, let the diagram (p. 5) be regarded as a 
generalized map of the distribution of the pWncipal stratified masses, 
and compared with the section on p. 2. The remarkable line marking 
the unconformed superposition of the Magnesian Limestone first catches 
attention ; for this cuts off alike the limestone, grit, and coal, the two 
former constituting a kind of irregular and broken wedge between the 
coal-fields, which both deviate from their ordinary north and south 
course, and turn eastward in conformity with the general anticlinal 
movement. The surfaces of deposition are greatly undulated, and the 
whole area west of the Magnesian Limestone is broken by faults and 
wasted by denudation. There is no reason to deny the continuation of 
these characteristics under the later strata. Covering all this undulated, 
broken, and abraded surface, then, with some inequality of thickness and 
other irregularities, the later strata lie with almost uniform gentle dip 
eastward ; and no boring has yet been made entirely through them, so 
as to discover what is buried beneath. 

Geology is appealed to for encouragement to make the experiment, 
to sink for coal at some well-chosen spot, in the region lying eastward of 
the boundary ; and some incomplete trials have been made without much 
consideration of the problem to be solved. One of them began and ended 
in the Lias at Gromont, near Whitby, a point about thirty miles eastward 
of the Durham coal-field, as at present known. Had it been carried to a 
sufficient depth, it might have given useful and even important infor- 
mation. Borings at Middlesborough, Kirk Leavington, and Middleton- 
one-Row, in New Red and Permian beds, have yielded salt, gypsum, and 
sulphurous waters ; another experiment east of Richmond passed through 
New Red and Permian beds, at Easingwold the Lower Lias was explored 
two or three hundred feet, at York the New Red series to a depth of 
600 feet, and at Reedness, near Goole, 1029 feet, 

These trials, which in some cases ended where they ought to have 
begun, are quite inconclusive ; yet they have assured us of the approxi- 
mate truth of the estimates of thickness of the strata which overlie the 
coal. We must not expect to touch the Palaeozoic strata until 1500 feet 
of New Red and Permian rocks be traversed. This, in the actual state 
of mining-operations, is an easy task. When accomplished, we may 
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become anxious to know what part of the Carboniferous system is likely 
to be found; at present we may calmly weigh the probabilities, and 
determine the most favourable points for judicious trial. 

To take the most encouraging view, let the eastward or south-eastward 
strike of the Durham coal be prolonged toward Guisborough and 
Whitby, and the eastward or north-eastward strike of the Yorkshire 
field be continued toward York and Scarborough ; and let both be con- 
nected by a curve concave to the west. It must be outside of this loop 
that experiments should be tried. This space is narrow on the northern 
side, if we are to begin on the New Red marls ; wider on the southern 
side. On the whole, the most advisable point for a first trial is at some 
point south or south-west of York, where it is not unlikely that a boring 
to the depth of 1500 or 2000 feet might have a favourable issue ; since the 
beds of coal are known to preserve their thickness and quality as they 
pass eastward from Leeds to Garforth and Aberford, and there is no 
reason to fear a rapid deterioration. But is the day arrived when such a 
trial is to be recommended so near to the productive coal-field now in 
prosperous union with railways and ironworks ? 

Trials for coal, in this and other situations far removed from existing 
collieries, will probably be undertaken with less rashness than heretofore, 
now that geology has been listened to .by the Royal Commission on the 
extent and duration of our coal-fields. It may be expected that the 
requisite cost and depth of the sinking, as well as the general probability 
of a favourable result, will be submitted to serious consideration before 
experiments of such great public importance should be commenced ; it 
may be hoped that they wiU not be left to the caprice of individual land- 
owners or speculative adventurers, but taken up thoughtfully and 
resolutely, as work for a county rather than a parish, with ample 
resources to continue the process for some years, so as to reach a depth 
of at least 2000 feet with instruments of sufficient size to leave no doubt 
of the nature of the rocks penetrated. 
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CHAPTER 11. 

THE VALE OF YORK : PLEISTOCENE, PEKMLA.N, TRIASSIC, AND LIASSIC 

DEPOSITS. 

If the land were depressed 250 feet, York Minster would be under the 
waves ; the sea would ebb and flow in a long and broad channel uniting 
the vale of the Ouse with that of the Trent, and receiving on the west 
the shortened streams of the Tees, Swale, Yore, Nid, Wharfe, Aire, and 
Dun, all historically notable rivers. Eastward, the Derwent valley 
would become a narrow winding strait leading to a marine expansion in 
the Vale of Pickering, the wolds would be insulated cliffs of chalk, the 
heathy northern moorlands a prominent sea-beaten mass of oolitic and 
arenaceous rocks. 

The changes here supposed have really occurred twice since the main 
features of physical geography were sketched in Yorkshire, — once on the 
rising of the glacial waters, and once on their retiring. But the height 
of these waters was much greater ; probably they were so deep as to 
overwhelm alike chalk-wolds and oolitic moorlands, even to the submer- 
sion of their highest points. As q. natural consequence, the Vale of York 
and the adjacent slopes, but not, as far as is known, the highest summits, 
are strewed with irregular accumulations of gravel, sand, and clay, 
brought down to the vale by glaciers, or drifted on the backs of icebergs ; 
and in them occur remains of mammoth, hippopotamus, rhinoceros, bear, 
and other inhabitants of the region — to which, so far as we know, man 
had not then brought his colonies from the far east. 

The diagram Map (see p. 9) shows in a general manner the small 
extent and scattered distribution of land in this part of Britain during 
the glacial period, and by means of lines represents movement either of 
solid land ice or floating icebergs, or both; for these are cognate phe- 
nomena. The drawing of these lines is entirely from my own obser- 
vation, which, at an early period in my geological studies, was specially 
directed to tlie occurrence of far-travelled blocks of Shap-fell granite and 
other rocks of the Lake-district, which are scattered over large spaces in 
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every direction but one, viz. to the west. A stream of syenitie rocks 
has come eastward and southward from Oriffel in Galloway to the 
northern parts of the Lake mountains ; from the high region of Eskdale 
in Cumberland granite has been carried into the plains of Lancashire 
and Cheshire ; Helvellyn and Carrock Pike have given rocks which have 
accompanied the Shap granite round the northern end of the Pennine 
Chain, and over the pass of Stainmoor, from which they diverge towards 
the coasts of Durham and Yorkshire. A long and broad stream of 
erratics from Shap and the region of Scar fell has gone southward to 
beyond Manchester. 

Three facts connected with this extensive distribution deserve special 
attention. First, on the eastward slopes of the granitic mass of Shap fell 
lie countless blocks derived from the summit, of all sizes below 40 tons, 
unworn except by atmospheric vicissitudes. Secondly, the&e radiating 
streams have left traces in the deep and broad Vale of Eden, but in 
general cease against the high crest of the Pennine limestones and grit- 
stones : to this there is one exception ; for through a broad pass in that 
crest, at Stainmoor, lying due east of Shap fell, the blocks have gone, in 
great numbers and of large size, to Barnard Castle, Darlington, the vici- 
nity of Stokesley, Thirsk, and York, and have even reached the sea-coast 
near Whitby, Scarborough, and Flamborough. Thirdly, in all this 
region, and generally in the tract of drift lying about Lancaster and 
Manchester, the erratic blocks of several Cumbrian rocks lie at or near 
the surface, and seem to be monuments of the latest of the great ice- 
currents which moved at elevations reaching 800, 1000, and 1500 feet 
in some parts of the north of England*. 

The Pleistocene accumulations which cover the Red-Sandstone deposit 
in the Vale of York consist generally of great quantities of gravel and 
fragments of rocks derived from the west and north-west of Yorkshire, 
intermixed with others from the Cumbrian mountains. The relative 
proportion of stones derived from the latter source increases from York 
northward ; so that in the gravel near Easingwold, Thirsk, North Aller- 
ton, and Stokesley a great variety of specimens of rocks may be col- 

♦ Some of these blocks have been collected in the vicinity of York and Scarborough, and placed 
or preservation in the grounds attached to the Museum at York. 
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lected, such as occur about Grasmere, and Patterdale, Kirby Stephen, 
Shap fells, Carrock fell, and High Pike. There is to be observed, 
generally, in the Vale of York a distinction of these deposits into three 
kinds, — one argillaceous and holding a larger proportion of pebbles and 
slightly worn fragments of rocks brought from very distant sources ; 
another a sandy and gravelly deposit in which masses of sandstone and 
limestone from the western regions are more predominant ; the third a 
mass of rounded chalk and angular flint. Near York, and along the 
line of country to the north-west, the gravel consists prhicipally of 
sandstones and limestones from the western hills ; sometimes sandstone 
occurs almost alone (Ousebum); sometimes a mixture of sandstone, 
limestone, basalt, granite of Shap, &c. (near Boroughbridge). As we 
proceed toward Doncaster and the Vale of the Trent, the drift consists 
of materials from the west, and is found to contain very few traces of 
that impulse which brought the Cumbrian rocks over Stainmoor, and 
spread them across the whole north-east of Yorkshire and along the 
coast of Holdemess. The numerous excavations for the roads have laid 
open the second sort of accumulation more frequently and completely than 
the others, and a considerable number of bones and teeth of the mammoth, 
rhinoceros, bear, large ox, deer, horse, &c. have been discovered in it. 
The elevation of the undulated ground formed by these accumulations in 
the middle of the Vale of York is inconsiderable, seldom exceeding 70 or 
100 feet ; but portions of similar deposits rest on higher points toward 
the Hambletons, and lie in high valleys of the wolds (as at Middleton). 

In some places (Sandburn near York, Ousebum, &c.) indications of 
lacustrine deposits may be observed resting on the gravelly and boulder 
accumulations, and containing wood, freshwater shells, &c. as in 
Holdemess ; so that there can be no doubt of the similarity and, geolo- 
gically speaking, contemporaneity of origin of all the deposits classed as 
Pleistocene in the northern and eastern parts of Yorkshire. Along the 
western base of the chalk-wolds, about Pocklington, Market VTeighton, 
&c., are limited breadths of the third sort of drifted deposits, consisting 
of chalk and flint spreading over the lias and New Red Sandstone, and 
apparently due to local though very powerful currents; but whether 
contemporaneous with those which laid the similar gravel amidst the 
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ordinary boulder-clay of Holderness, or beneath it at Hessle, is difficult 
to pronounce. On the sea-coast near Bridliugton several situations will 
be noted which show the diluvial currents to have been of some dura- 
tion, subject to vary in impetus and dii'ection, and to be interrupted at 
intervals of at least local tranquillity. In such a period of partial tran- 
quillity we may believe the laminated clays at Ouseburu and Kilnsea 
to have been deposited ; and a more interesting discovery of the same 
nature in the Vale of York in 1829 appears to indicate that such inter- 
vals in the glacial period may hereafter become distinctly characterized 
by peculiar deposits and contribute to correct the general history of the 
formation. 



BiELBECKS. — ^Tlie merit of first calling attention to the ossiferous marl 
deposit of Biclbecka near Market Weigliton belongs, in a great degree, to 
Mr. William Hey Dikes, of Hull, who, after a careful study of the circum- 
stances of this deposit, favoured me with the information which he had 
collected. I lost no time in proposing to my friends, the Hev. W. V. 
Harcourt and Mr. Salmond, an excursion to the locality; and our joint 
communication on the subject was inserted in the * Philosophical Maga^ 
zine' for Sept. 1829. Subsequently the great importance of the feicts 
connected with this discovery induced the Council of the Yorkshire 
Philosophical Society to continue for the advantage of science the exca- 
vations which the farmer had originally made for agricultural purposes, 
and a great number of additional bones were discovered ; the geological 
circumstances connected with them were fully ascertained, and made 
public by a second Memoir of Mr. Harcourt (Philosophical Magazine, 
1830), The whole collection of bones, and many of the accompanying 
shells, &C-, were subsequently placed in the Yorkshire Museum by the 
liljerality of the proprietor of the land^ W, Worslcy, Esq., of Ho\ingham, 
and there this unique collection is carefully labelled and arranged. 

The following is an epitome of the facts observed and recorded. The 
Market-Weighton Canal passes through a part of those extensive levels 
or flat alluvial tracts which border the tide-rivers of Yorkshire, and 
consist of silt deposited by the tides and freshes, variously interspersed 
with tracts of peat moor and accumulations of timber, and divided by 
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insular hills and ranges of "hard land." From the Hmnber to the 
country near North Cliff, Market Weighton, and Holme no exposure of 
stratified rocks is anywhere observed, nor any very obvious indication of 
diluvial accumulations. The south-eastward base of the gravel hiU of 
Holme shows Red Marl and Gypsum, the lower part of the Lias appears 
at North Cliff, three miles to the east, and the intermediate country is 
nearly an unbroken flat, a few feet above high water in the Humber, of 
sand, peat, and silt land, with an irregular border of chalk and flint and 
other gravel on the east, constituting the very low talus of the Lias range 
of North CliflF and Hotham. That nearly the whole is underlain by the 
Red Marl and Gypsum is evident by the exposure of these substances in 
the Market- Weighton Canal and by the observations to be noticed. 

Two miles south of Market Weighton, and one mile north-west of 
North Cliff, at the edge of a sandy and gravelly warren, in the eastern 
part of the broad level above described, is the solitary farmhouse of 
Bielbecks, belonging to Wm, Worsley, Esq. The tenant, Mr. Foster, 
desirous of improving the poor sand land near the house, opened a 
considerable deposit of argillaceous marl, and spread it in great quan- 
tities on his fields. 

The excavations presented the following section above the water : — 

ft in. 

1. Black sand at the surface 9 

2. Yellow sand 16 

3. White gravely consisting of small pebbles of chalk and angular 

fragments of flint, with a few pieces of Gryphaa incurva and 
fewer pebbles of sandstone, varying in thickness, average . 2 6 

4. Blue marl, irregularly penetrated by gravel (No. 3) and par- 

tially chequered by it 5 

5. Commencement of a blacker marl which had been excavated 

to a depth of 10 feet, and contained most of the bones and 
shells. 

Under the direction of Mr. Harcourt another pit was opened ; six or 
seven hundred loads of marl were removed, the deposit was penetrated 
to its lowest bed, the depth at which the several bones were foimd was 
measured, and the nature and the mode of occurrence of all the contents 
of the pit were carefully observed. The following Table, drawn up by 
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Mr. Harcourt, contains the chief details of this examination ; the bones 
and shells were identified by myself : — 



MINERAL CONTENTS. 

Yellow sand. In this and 
the gravel below it a few 
pebbles of quartz and 
sandstone. 



Dei 
in feet. 



Gravel composed of chalk 
pebbles and sharp flints. 



Grey marl indented by the 
gravel in some places to 
the depth of 3 feet, and 
containing rolled pebbles 
of quartz, mountain-lime- 
stone, and sandstone of 
the carboniferous series, 
with chalk and flint. 



Black marl, containing mi- 
nute pebbles of chalk, very 
few flints; at the bottom 
two or three pieces of a 
fine - grained calcareous 
sandstone, similar speci- 
mens to which may be 
found in one of the ad- 
jacent beds of the red- 
marl series ; no firagments 
derived from remote dis- 
tricts. 



Strong blue marl. Some clay 

nodules in this. 
Flint gravel in marl. 
Strong blue marl. 
Flint gravel in marl. 



^ 
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ORGANIC CONTENTS. 



^ No bones, shells, or vegetable remains in the sand 
or gravel. 



No shells or vegetable remains in the gray marl. 

ft. 
At 7 Elephas primigeniua. Numerous small frag- 
ments of the tusk and teeth. 

8 Calcaneum of ditto. 

9 Three cervical vertebrae of ditto. 

10 Astragalus of ditto ; radius of horse, lower 
end; radius of rhinoceros, upper end; 
branch of horn of deer. 



11 Bison. Metatarsal bpne. 

Wolf. Radius. 
12^ Elephant. Humerus, and the head of it 
detached. 

13 Horse. First phalangeal bone. 
13i Ditto. Second ditto. 

14 Ditto. Third (with Heluv nemoralis) . 
Elephant. Four caudal vertebrae. 
Duck. Ulna, clavicle, tibiae. 

15 Bison. Occiput, horns, and part of the 

frontal and maxillary bones. 
Wolf. The right lower jaw, and condyle of 
the other; right humerus, radius, and 
ulna articulating. 
18 Bison. Two molar teeth of the upper jaw. 
The black marl abounds in shells, chiefly Planorbis 
complanatus and Limmea palustris, and in vege- 
table remains, including jointed stems. 
Horse. A rib. 



^ 



No bones, shells, or vegetable remains in these 
alternations. 



Red Marl the basis of the whole deposit. 
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The basin of red marl in which this lacustrine deposit is formed is 
very limited, only a few himdred yards long from east to west, and not 
so much from north to south ; the black ossiferous and shelly marl 
appears, by Mr. Harcourt's borings, to be in one place only about 50 or 
60 yards across in the direction from north to south. About a quarter 
of a mile to the east is another marl deposit, covered by five or six feet 
of chalk and flint gravel ; half a mile further in the same direction is 
another consisting of a stronger blue clay, in which much undecomposed 
shale may be observed, enveloping in its upper part boulders of the Chalk, 
blue Oolite, and Lias of the neighbouring hills. 

Condition of the Bones. — Among the numerous specimens of bone, 
very few showed the least mark of mechanical attrition or chemical 
decomposition; in geneiral they were perfectly preserved, and many of 
them entire ; such as were broken showed uninjured surfaces and angles 
of fracture. On the ends and edges of two of the broken bones there was 
a high polish ; a peculiar corrosion into little pits was observed on one 
or two fragments ; the epiphyses of the vertebraB of the elephant (it being 
a young individual) were found nearly in their relative place ; and the 
same remark applies to the metatarsal and phalangeal bones of the horse, 
and to the leg-bones of the wolf. Upon the whole nothing can be more 
certain than that the bones in the black marl were inhumed only a very 
small distance from the place where the animals died, that they had not 
been subject to the ravenous jaws of hyaenas, nor been transported from 
any earlier deposit. 

The following species of animals were recognized : — 

Remains of Quadrupeds. These were found both in the black marl and in the 

superior marly gravel deposits. 
Elephant (Elephas primi- Tusk, teeth, humerus, and vertebrae. 

genius, Blum,). 
Rhinoceros tichorhinus . . Teeth, tibiae, rib (?) . 
Bison priscus .... Cranium and horns, teeth, vertebrae, bones of the legs 

and feet. Parts of two individuals were recognized. 
Stag of great size . . . Portions of horn and metatarsal bone. 
Horse of large size . . . Metatarsal and phalangeal bones of the hind leg. 
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Felis spelaa Lower jaw, part of upper jaw, femur, radius, ulna, and 

metacarpal bones. 

fVolf Humerus, radius, and ulna of right side, right lower jaw, 

condyle of the other. 
Birds : Diick .... Ulna, clavicle, tibia. 

Insbcts The green elytron of a species of Chrysomela. 

MoLLUSCA The remains of this class were numerous in the black 

marl, but did not occur in any other member of the 
deposit. They consisted of thirteen species, all iden- 
tical with living types procured in the neighbouring 
country, viz. : — 
Three Terrestrial Shells. Helix nemoralis, four specimens marked with coloured 

bands ; the rufous tint, though faded, is still distin- 
guishable. On three of them are three bands on the 
upper whorls, on the other two. 

caperata, two specimens. 

Pupa marginata, three specimens. 
One Swamp Shell . . . Succinea amphibia, Drap., three specimens. 
Nine Freshwater Shells. lAmmea limosaj one specimen. 

palustris, fifteen specimens, varying like the recent 

examples in proportion and degree of smoothness, but 
never bevelled in the upper part of the volution ; the 
twist on the pillar-lip is perhaps a little more decided 
and prominent. There is one specimen of a very re- 
markable variety, shaped like L. longiscata of Lamarck, 
but marked with facets like the other specimens of 
L. palustris, 
Planorbis complanatus, twenty-three specimens. I can 
find no other diflFerence between these and those now 
living near York than the rather more fi-equent occur- 
rence of spiral striae across the lines of growth. The 
same varieties as to flatness of the whorls and position 
of the keel as in fresh specimens. 
— vortex, one. 

contortus, two. 

nitidus. 

spirorbis, one. 

Valvata cristata, one. 
PisidiuM amnicutn, five. 
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The shells are all white, never compressed, not particularly tender, and 
very entire. The black marl which contains them is not laminated ; nor 
are the shells arranged in it in any peculiar order or position, but lay 
mixed with bones from top to bottom indifferently. It was doubtless 
deposited beneath the waters of a marshy pool, which nourished the 
FltmorbeSf Idmnace^ &c., and received by some Kttle streamlet, or occa- 
sional inundations, the Selices from the land, and StiecineiB from the 
adjoining plants. The elephant, rhinoceros, and other animals died near 
the lake or the stream; and their partly disintegrated remains were 
washed by the same gentle subaerial forces into the same repository, 
or brought thither at a later period, along with abundance of marl and 
gravel, attesting the operation of a more powerful and considerable 
current of water. By these latter accumulations the lake was filled to 
the level of the surroimding surface. 

In this lacustrine deposit of the mammoth era are observed facts of 
great value towards elucidating some material points regarding the early 
condition of Yorkshire. 

First. Since aU or nearly all the mass of clay and marl and chalk and 
flint-gravel may be reasonably admitted to have been brought from the 
neighbouring low ranges of Idas and the surface of the wolds, there is 
nothing to indicate the operation of floods of extraordinary power or 
extent, except the presence of some pebbles of limestone and sandstone 
derived from the western hills, which lie in the upper parts of the deposit. 
These are few in mmiber compared to the mass of flint and chalk gravel, 
and, though requiring the admission of the flowing of rivers or other 
currents from the west, do not demand for the explanation of their accu- 
mulation here J more than the action of such limited floods or inundations 
as might deposit the rest of the gravel. Such inundations were frequent 
before the deposition of the ossiferous marl, and were repeated at a later 
period ; and it appears to be proved, both by comparison with the analo- 
gous deposits at Hessle and Bridlington, and by the superposition of the 
ordinary " diluvium" in the south-eastern part of the Vale of York, that 
the latest of these inundations was anterior to the movement of waters 

D 
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which brought many Cumbrian rocks through the pass of Stainmoor, and 
dispersed them over the hills and vaUeys and antediluvial lake-deposits 
of Yorkshire. Sow long anterior is not the question ; the order of suc- 
cession of the events is all that we are now concerned with. 

Secondly. It follows from what has been stated, as to the limited 
nature of the agencies concerned, that the quadrupedal, molluscous, and 
other remains are those of animals then living in the vicinity ; and this 
conclusion is amply confirmed by the condition of these reliquiae. 
This important truth, no longer depending solely on the evidence, how- 
ever satisfactory, in Kirkdale Cave, but attested by new witnesses, may 
be definitively admitted; and we are enabled to clear those parts of 
geological theory which relate to comparatively recent operations on the 
surface of some objections, and to propose a precise and logical argument 
concerning the ancient condition of Yorkshire. 

We may be sure that the leading geographical features of the south- 
eastern parts of the county are of higher antiquity than the date of the 
glacial floods. Though certainly particular tracts were greatly devas- 
tated by these waters, and their wasted materials carried in a strange 
manner to great distances, the physical aspect of this particular region 
was only modified in a slight degree — ^the fundamental features of hill 
and valley were unchanged, the course of drainage was little affected, the 
races of aquatic animals were not destroyed ; the devastation passed, and 
with it apparently perished the larger and heavier quadrupeds of the 
marshes and plains ; but many races survived, to perish in later days by 
natural changes or man's persecution — ^inhumed in similar lakes with 
similar shells, in various parts of the county. 

The question of ancient climate receives from this investigation new 
and independent data. While from the general analogies of form 
between the fossil and recent elephant, rhinoceros, hippopotamus, felis, 
and hyaena, the mind was influenced by a vague notion that the climate 
of the northern zones was formerly of a tropical character, the equally 
strong analogies of the urus, glutton, beaver, wolf, deer, &c. restored the 
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balance of opinion, and geologists were not justified in coming to a posi- 
tive conclusion. But the occurrence with the elephant and rhinoceros 
of thirteen species of land and freshwater shells precisely identical with 
existing types from the neighbouring pools and ditches, must be allowed 
to give more exact and satisfactory evidence. Such a group of mol- 
luscous animals does not exist together, except in a small range of 
latitude, to the north or south of England : before arriving at the 
parallel of 60° N. many of the species are lost ; others vanish and are 
replaced by new forms before we touch the shores of the Mediterranean. 
Such, then, are the limits within which speculations as to the ancient 
climate of the northern regions once tenanted by the elephant and 
rhinoceros must be restrained ; and those who recollect the hairy cover- 
ing of the individuals of these genera found on the shores of the Arctic 
Sea will probably supply for themselves the obvious conclusion that 
these animals were fitted by a peculiarity of constitution to support at 
least the occasional rigours of a temperate climate. 

Existing species of freshwater shells occurring in connexion with 
extinct fossil quadrupeds have been noticed by Mr. Hugh E. Strickland, 
imder beds of gravel near Cropthome in Worcestershire ; they occur 
frequently in postglacial gravels and clays in the valley of the Thames, 
and it is probable that future research will greatly augment the mass of 
facts bearing on this subject. The ossiferous deposits in Val d'Arno 
may belong to an earlier period, but appear due to similar agencies. 

Permian Strata in the Vale of York. — If we regard the Vale of 
York as occupying the whole breadth of fifteen, twenty, or thirty miles 
from the slope of the great western hiUs to the foot of the eastern ranges 
of Oolite and Chalk, we shall find it everywhere largely occupied by the 
red and green marls, called in Grermany Keuper, sandstones and con- 
glomerates, generally red, but occasionally in their upper part white, 
called Bunter, which rest on the two-membered Magnesian Limestone, 
and are covered by the Lias. These taken in mass make about half a 
mile in thickness ; but the Keuper and Bunter strata are not completely 
known. 

d2 
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Middle Lias 
Lias -^ 



Trias 



Permian 



Section of Lias, Trias, and Permian Strata in the Vale of York. 

Oolitic series above. 

FooBiU. 
Ammonites Betemmies 

Upper Lias .... * - - ^ communis. , ; 

' "feet «.„i„^. •„. ffulgans. 

J- 210 ^^^^' tu^ris. 

annulatus. *«^^'^- 

„ . _. _. /.-.-,- ,...., ^. - cyltnaneus. 
^ lll^^^^'r^'^^ S'l spinatus, 

w>-£^£=3~-Trj^^^l60 ffiargaritatus, paxUhsus. 
* *"".*.*.* r //.*// .'. maculatus. 



Lower Lias . . 



Rhaetic?.. 



600 clavattu. 



. ^;.^.... ,».\^.- f^— -if t-rl't-'?-^. 10 



obtusus. 
Bucklandi, 



acutw. 



Keuper Marls . . 



600? 



wh- 



Bunter Sandstone 



600? 



<v/..v 



r m -'-V"" ,'':*"■**-'?-'"- ^ 



^ 



Upper Limestone 
Gypseous Marls 

Lower Liniestone 

Sands and Sand- 
stones 




45 Small bivalves. 

■^ r"j-^)4p- ]^5Q Prodiicta, Afytilus, Nauti- 
^ lus, 

?p- 50? 



('arboniferous series below. 
In the Section just given, c marks the place of calcareous nodules used for cement ; j, the place 
of the jet bands ; i, ironstone ; I, lias limestone ; w, thin white triassic sandstone ; wh, 
white solid sandstone, or * waterstone' ; eg, conglomerate of the Bunter sandstone. 
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The Permian strata, most completely exhibited about Ejiaresborough, 
Ponte&act, and Doncaster, are somewhat interrupted * in the country 
between Tanfield and Pierce Bridge, the lacunae being due more to 
ancient surface-denudations than to original deficiencies of deposit. 

In Durham the series is continued, without the upper member of the 
limestones being distinctly traceable ; this also fails as we go southward 
toward Mansfield and Nottingham. The lowest stratum of yellow or 
purplish sandstones is variable and irregular everywhere north of Ponte- 
fract, where it is apparently, if not really, in conformity to the Coal- 
measures, which there show their highest parts. Here they somewhat 
resemble the lowest Permian sandstones of Manchester. 

In Durham, the " marl-slate," whose thin laminae are crowded with 
fishes, occurs in this part of the series, but is not yet recorded distinctly 
in Yorkshire, though some thin laminated beds with fossils, at (Jarforth, 
may be held to represent the deposit. 

The Lower Limestone, specially called Magnesian or Dolomitic, is the 
most continuous member of the series, and locally fossiliferous, especially 
in some particular zones, as the lower part at Qarforth, the middle part 
at Weldon. The composition of this rock is that of a double carbonate 
of lime and magnesia, when in its purest and most crystalline state. 
One hundred parts of such contain of carbonate of lime 54*3, and of 
carbonate of magnesia 45'7. This lime, obtained by burning, is excep- 
tionally good for some of the uses of the plasterer and builder; if 
employed in agriculture, some caution is needed on account of its com- 
paratively long conservation of causticity. The stone, when properly 
selected and dried before use, is excellent for building; but if these 
precautions be disregarded, it is often found subject to rapid decay. I 
have found well-cut stone which seemed good perish in fourteen years. 
Mansfield, Bolsover, Wandsworth, Broadsworth, Huddlestone, and 
Weldon are names famous for yielding large quantities of fine stone in 
large masses of excellent white, yellow, or reddish colour and durability. 
Its character is not so good in the northern part of its course, where, in- 
deed, it is frequently full of geodic-spar cavities and pulverulent. Copper 
carbonate occurs in it at a few points, as Newton Kyme and Famley, 
and oxide of iron with sulphate of baryta at Huddlestone. Among the 
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fossils are Modiola acuminata^ MytiliM sqiuimosus, Aamus obscuruSy Pro- 
ducta dculeata^ Pleurotomcma^ Nautilus. 

The Gypseous Marls are of the same tints and qualities as the Keuper 
above, and contain usuaUy a proportion of gypsum, by which the spring- 
water which they yield is injuriously affected. 

The Upper Limestone contains only a small quantity (usually under 
5 per cent.) of magnesia, and makes a fine white Hme, greatly employed 
in agriculture. A few shelly layers are seen in it near Ferrybridge ; but, 
excepting Modiola acurnvnata^ I have not positively identified any species. 
The stone is usually buff-coloured or of purplish hue, fine-grained, and 
formed in many thin layers separated by still thinner clays. 

Red and pale laminated clays lie over this rock at Knottingley, and 
may be held to unite by mineral analogies the Permian and Triassic 
strata, however much they differ by fossil contents, in countries which 
are more favoured with these sure marks of the lapse of time and distinc- 
tion of strata. 

The Bunter Sandstone, regarded in a general manner, is of small 
importance at the surface in Durham and the northern part of York- 
shire, but occupies more and more extensive spaces as we proceed 
southward. It exists, however, on the Tees at Middleton-one-Row (where 
it was penetrated to the depth of 600 feet), largely about Ripon (where 
remarkable landfalls have occurred in it through the removal of parts of 
the rock by subterranean streams flowing toward the Yore), and about 
Boroughbridge, where white sandstone lies at the top. It is seen at 
Bilborough, and again in a loose and more pebbly state, forming hills, in 
the low country east of Sherburn, Womersley, and Doncaster. Hence 
in the southward direction it becomes more and more pebbly, and main- 
tains this partially conglomerate character through the midland counties. 
This rock does not reach the Yorkshire coast. 

The Keuper Marl, rarely exposed to •any great thickness, is first seen 
in the low borders and the coast about Middlesborough, where it has 
been penetrated in an experiment for water, and found to contain rock- 
salt. In no excavation which I have seen of these marls in Yorkshire is 
there any trace of the fossiliferous sandstone which so has long a range 
in the vales of the Severn and the Avon. 
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Lowest Lias, Inpra-Lias?, Rhjetic? — I have had several oppor- 
tunities of inspecting the line of railway from York to Malton, step 
by step ; formerly the cuttings were clear between Barton Station and 
Malton, and I made a section on a large scale. The most remarkable 
part of the drawing represents the junction, which was well and com- 
pletely seen, of the Keuper Marls and the lowest Lias on the western side 
of a broad anticlinal between Barton Station and Howsham. The sub- 
joined is a copy. 



West 



EMt 



Lowest Lias. 



Trias. 



/, I. Thin bands of limestone in thicker beds of lias shale, ff. Beds with Gryphaa incurm, Cardinia, &c. 
r. Bed marL w. White band in the red marl. 

The strata strike N. 70® E., and dip 46° to 15° northward. 

The Keuper Marls were red, except one greenish- white band near the 
top. 

The Liassic beds were all bluish or grey, and consisted of shales alter- 
nating with no less than eighteen thin calcareous bands; the whole 
series was about 100 feet thick, and occupied about 750 feet in length ; 
.it was poor in fossils, but towards the upper part Gryphcea mcurva^ 
Cardinia, and Serpula were noted in the limestone-beds, which were 
always only a few inches in thickness. Of these beds only two, and 
those partial, were noticed in the lowest part. It appeared to me at 
the time that here were to be seen, in one section, all that North York- 
shire had to show of the lowest Lias beds, including indistinct repre- 
sentatives of the Westbury beds, now called Rhaetic. 

Quite lately the beds of the lower liassic zones, connected with Am- 
monites angulatus and A. plcmorhia^ have been examined at CliflF, near 
Market Weighton, by the Rev. J. F. Blake, and found richly fossilife- 
rous*. On a late visit to this locaKty, I found these beds to consist of 
clays, with very thin limestones and some sandy layers, the lower zones 
having certainly the aspect of RhsBtic strata. They appear to correspond 
with what is recorded above. 

♦ See Geol. Joum. 1872, p. 132, for ftdl lists of the fossils. 
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CHAPTER III. 



THE MOORLAND DISTRICT. 



This large tract of heathy hills, formed on the lower oolites and green 
woody valleys mostly excavated in the Lias, is remarkable for presenting, 
along its whole outline, a range of bold and steep escarpments. Its over- 
hanging cliflfis, which so strikingly characterize the coast between Scar- 
borough and Redcar, are among the loftiest in Britain ; and where it turns 
inland from Huntcliff, by Rosebury Topping, Burton Head, Dromanby 
Bank, and Osmotherly Moors, it maintains the same high and precipitous 
aspect, and looks over the plain of Cleveland and Mowbray, as the ranges 
of Cleeve and Broadway overlook the vales of Gloucestershire. This simi- 
larity of appearance is owing to analogy of geological structure. The 
wide vales of Gloucestershire are, like the Vale of Cleveland, based on Red 
Marl and Lias shale ; and the oolitic rocks of Cleeve and Broadway are 
represented, though with great variations, by the rocks of the corresponding- 
escarpments in Yorkshire. 

Including that portion of the Vale of Cleveland which is based on the 
Lias formation, this division contains about 650 square miles. On the 
south it is bounded by the elevated edge of oolitic rocks which range, 
nearly in a straight line, from Scarborough Castle to Hambleton End 
(see the Map). It comprehends the whole drainage of the river Esk, 
and on the north of that river forms an imperfectly connected range of 
hills, from near Whitby to Rosebury Topping, with detached secondary 
elevations on the northern coast, at Rockcliff and Huntcliff, and the 
inland escarpment of Eston Nab. According to Col. Mudge, the heights 
on this range are as follows : — Rosebury Topping, 1022 feet ; Eston Nab, 
784 feet; Danby Beacon, 966 feet; Easington Heights, 681 feet. The 
Esk flows nearly along the line of a great dislocation, by which the strata 
on the north of the valley are much depressed. It is on the south of this 



Chap. Ill-] HILLS AND DALES. 26 

river that we find the most elevated and extensive moorlands. Prom the 
cliflF at the High Peak, near Robin Hood's Bay (600 feet), a range rises 
and extends westward by Stow Brow (800 feet), Lilhoue Cross (1000 feet), 
Egton Moors and Loose Hoe (1404 feet), to Burton Head (1485 feet). 
This is supposed to be the highest point of land in the eastern part of the 
county ; but the ridges are still very lofty which pass by Wainstones 
(about 1300 feet) and Carlton Bank, round the head of Scugdale, and by 
Osmotherly Moors, to sink beneath the highest point of the next range 
of hills, composed of the Oxford Oolites, at Hambleton End (1246 feet 
above the sea, according to Col. Mudge) *. 

The principal vaUeys, properly called "dales," which open into the 
river Esk, or have independent courses to the Derwent, are mostly deep 
enough to penetrate the Lias to the Cleveland Ironstone series, though 
in none, excepting Eskdale in its lower part, is there any working 
of this valuable material. Bilsdale, Pamdale, and Bosedale are conspi- 
cuous and picturesque examples of these dales, which were not without 
establishments whose ruins remslin to attest the taste and magnificence of 
the monastic settlers in Yorkshire. 

It will be useful to present here the general section of the Lias of 
Yorkshire, though the lower parts of it are only to be seen on the north- 
ern coast, and in the eastern part of the vale of York. 

In this tabular view some of the more characteristic fossils are marked 
opposite their places in the successive strata. The Ammonites and 
Belenmites lie in pretty regular zones in all the liassic deposits of York- 
shire, nearly in the same order as they have been found by Dr. Wright 
and others in the south of England. 

♦ In the progress of the National Survey many corrections have been made in the earlier 
determinations. It is thought proper to preserve these in the text, with the more numerous 
original barometrical measures, and to present a corrected list in the Appendix. 
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Section of Lias in Yorkshire. 



Thickness, 
in feet. 



Cement-stone Beds 



Shales and limestone 
and ironstone 
Uppbb Lias . . < nodules ' 



Jet-beds , 

Hard shale .... 
Soft shale 



Ironstone series 



Middle Lias . . < 



Marlstone series . . * 



Shales and ironstone ^^. 
nodules 



Shales and few lime- 

Lower Lias.. < 'f^® and iron- 
stone nodules . . • 



BS.BTIC Beds 



Limestone and shale 



100. 



200. 



A, bifrons, B, VoUzii, 

B. vulgaris, 

A. communis. 



A. Afulgravius, B, tubularis. 

B. tripartitus. 

A. annulatus, B, eyUndricus, 



300. 



A. spinatus, 

B.paxUlosus, 
A. margaritatus. 



A. macidatus. 



400. 



600. 



600. ^* davatus. 



A, obtusus. 



B, acutus. 



700. 



800. 



A. Bucklandi. 
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The Lias Formation, — ^The Lias formation first appears on the sea- 
coast, under tlie High Peak* nc^r Eobin Hood*s Bajj and continues along 
the shore, with only one exception west of Whitby/ to Saltburn and Eed- 
car — being very genei*ally covered, in all the higher cliffs, by " dogger" and 
portions of the Carbonaceous formation. Its great thickness is apparent 
in the sides of Robin Hood's Bay^ and in the precipices of RockcUff. 
Inland, it follows the sinuosities of the moorlands abore Guisborongh, 
by Rosebury Topping, Burton Head, and Carlton Bank, towards Ham- 
bleton, and extends a considerable space into the low plains lying to the 
west of those hills. It is exposed by denudation along a great part of 
the valley of the Esk and in many of its tributary branches, as well as 
in the deep hollows of BUsdale, Bransdale, Farndale, and Rosedale^ and 
appears to be the general base of all these elevated moorlands. Its 
utmost thickness is not visible on the sea-coast, though in Rockcliff, and 
on the sides of Robin Hood's Bay, nearly 600 feet are exposed. At the 
head of Bilsdale the upper edge of the Lias is 800 feet above the plain 
below, and 1000 feet above the town of Stokesley, which is on the same 
formation, In Rosebury Topping the upper edge is 1000 feet above the 
lower beds of it at Redcar. Where the moorlands slope beneath the 
s^ond hilly district, at Hambleton, the Lias descends and spreads in the 
low ground about Thirsk, Easingwold, and Sheriff- Hutton. It crosses the 
Derwent at Howsham, and proceeds by Leppington and Bugthorpe, till 
it comes to be almost concealed under the chalk hills at Garraby and 
Bishop Wilton, Its coui*se, however, is still continued, in a narrow tract 
beneath the chalk, by Millington and Londesborough to Market Weigh- 
ton ; after which it turns out from the wolds, and proceeds by NorthcUil* 
and North Cave, to the Humber near Brough ferry. Beyond this river 
its range is uninterrupted through Lincolnshire and the midland counties, 
to Bath and Lyme* Regis* 




The upper edge of the Lias is so distinctly marked below the earbo* 
naceous sandstones which cover it, that by means of many barometrical 
obsen ations I am enabled to state, pretty distinctly, the average amount 
of its declination in several directions. It appears at a greater altitude 
along the breast of the hills south of Stokesley than in any other part 

e2 
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with which I am acquainted. Under Wainstones Cliff it was found to be 
nearly 1200 feet above the sea. At Brandsby, which is in a line due 
south, and distant nineteen miles, it is about 280 feet above the sea ; the 
difference of level is equivalent to nearly 50 feet per mile. From the 
same point at Wainstones, the Lias sinks in an easterly direction to the 
level of the sea under the High Peak, at a distance of twenty -eight miles ; 
this is at the rate of nearly 43 feet per nolle. From the same point the 
dip to the top of the lias on the south side of Whitby harbour, in a 
direction E, by N,, is 56 feet per mile. The general declination of 
strata, in the district south of the Esk, is towards the S.E, On the north 
side of that river the upper plane of the Lias is nearly 1000 feet high 
in Kosebury Topping. From here to the Lyth alum- works, distant 
seventeen miles and a half, in a direction almost due east, the dip is 800 
feet, or about 46 feet per mile; to Rockeliff, E,N,E,, twelve miles, the 
dip is 46 feet per milct to Eston Nab, Nt, four miles, 80 feet per mile. 
Hence it may be inferred that on the north side of the Esk river the strata 
generally dip to the N-E. 



The above measures were taken in directions where the results are 
little affected by dislocations. But local variations of dip are very 
numerous. From Huntcliff and Eockcliff the strata sink both toward 
the east and the west ; between Whitby and Bay Town they form a basin 
with meeting slopes ; and in Robin Hood's Bay they turn up in what is 
called a saddle. The most remarkahle of these dislocations are under the 
High Peak and west of T\Tiitby. (Consult the section at all these points.) 
The three members of the Lias formation may be seen on the sea-coast 
in juxtaposition at Robin Hood's Bay, and in the high cliffs of Boulby 
and Rockeliff* The upper and lower shales are seldom so well exposed 
as to admit of being studied with advantage inland : but the middle group 
may be examined in Eston Nah, in Eskdale, along the front of the Cleve- 
land Hills, in Bilsdale, and in the neighbourhood of Easingwold ; and in 
all these places its characteristic position in the shale, and the abundance 
and peculiarity of its imbedded fossils, eminently distinguish it, and 
strongly remind the geologist of the *' Marlstone " of Lincolnshire and 
Northamptonshire, to which it is certainly to be referred. 
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The rocks which compose the hills and cliffs of this moorland tract 
belong to the Lower or Bath Oolites, but present a very different aspect 
from that which they offer in the South of England, as the following 
comparative sections will show : — 



Eelloway Eock above. 



Cornlwadi 

Hinton Sandstone 
Forest Marble ... 
Bradford Clay ... 

Great Oolite 



Stoneeileld Beds... 
Fullers Earth ... 



Inferior Oolite 



Midford Sands 



Pi 

s| 

s § 

" I 
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i 

Ms 

n 

B ^ 
3>. 



Q 



Oombrash (marine). 

Sandstone, Shale, Ironstone, 
CcKal-planta. Upp. Egtunrine, 

Gre? limestone (marine). 
Sandstone, Shale, Ironstone,Coal- 
Sh«llj calcareous (mar.), [plants. 
Shale, Ironstone, mid. Estttarine. 
Oolita of Ewe Nab (marine). 



Sandstone, Shale, Ironstone,Coal- 
plants. Lower Ettuarine. 



Oolite or Ironstone (Dogger). 
Sandi of Blue WicL 



lias Shale beneatii. 



The Combrash above and the Sands below occur and are sufl&ciently 
identified, by position in the strata and organic remains, in both districts ; 
but the correspondence of the intermediate beds is not yet well made out. 
Judging from the proportional thicknesses and some other circum- 
stances, the grey limestone of White Nab in the middle part of the York- 
shire section was referred by Smith to the Great Oolite ; and this opinion 
should not be hastily abandoned, notwithstanding that some remarkable 
fossUs in these rocks (Ammonites Blagdeni^ JSelemnites giganteus) seem to 
claim for it a collocation with the Inferior Oolite, to which the " Mille- 
pore-bed " of Ewe Nab and Gristhorp and the " Dogger '* of the cliffs 
near Whitby were and may be boldly referred. 

Oombining modem views with Smith's dictum, we should have the 
three estuarine groups of the Yorkshire Oolite in the place of Porest 
marble. Puller's earth, and some part of the Inferior Oolite. There is 
reason to expect that the Yorkshire series can be found represented in 
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Lincolnsliire and Northamptonshire, but perhaps no great probabilty that 
any of these beds, excepting the uppermost and the lowest, can be exactly 
placed on coeval lines with the subdivisions of the almost wholly marine 
deposits of Bath. 

The Oolite and other Limestones of Ewe Nab, White Nab, and Gris- 
thorp will be specially considered when we come to describe the sections 
on the sea-coast. It will be useful here to present, in a diagram, the 
diversified series of beds observable in the Hambleton Hills, above 
Thirsk. 




//. 114 



^FM P Calcabeous. 



P Fireclay. 



....__ ._„ Ironstone. 

:;,^^;i|5^|j ^^^.j 8 Calcareous masses (Avicula), 

S Calcareous Beds, with Shale and 
Ironstone {Ostrea Marshil), 

M P Coal or dark Shale. 



S Calcareous bed {Echinohrissus). 

? S Ironstone. 

i^"^- ->"*V<^-"-~™^^ S Calcareous masses, 3 feet (Oly- 
8 Ironstone. iphsa). 



c. 43 Sandstone \^jfi 



h. 10 Inferior Oolite \ \iM^ 



8 Calcareous masses, 1 foot. 



8 Ironstone. 

8 ^*DoQGmJ'BzDB{Am.Murchufona!). 



I 
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In this fine section, which measures 489 feet, we have, including the 
Comhrash (here hut indistinctly seen), seven hands of calcareous rock, 
all thin, and mostly nodular. Only the upper and lower can he con- 
fidently referred to corresponding terms in the Bath series. The infra- 
Oolitic sand of Midford and Procester is not traceahle near Thirsk. The 
lowest hed (truly Inferior Oolite) is rich enough in iron to be of consi- 
derahle value for the furnace. The two calcareous heds next above are 
of the kind of rock here called " cement-stone.*' The letter S is placed 
opposite the zones where shells have been observed. These are all marine. 
P marks the occurrence of plants. 

Above Brandsby and the neighbouring villages, the high ground affords 
a considerable variety of strata in this moorland series, but neither the 
highest nor the lowest. The following section is marked with letters to 
show the supposed agreement of the main divisions with those in the 
vicinity of Thirsk. 

ft. in. 

/. Sandy series^ mostly yellowish^ enclosing beds or broad flat nodules of hard 
somewhat sandy ^^ glance'^ shelly limestone 2 to 5 feet in thickness, 

much valued for roads (" Road-stone '') 50 

A parting of clay. 

e. Sand and sandstone with shells 30 

ft. in. 
Limestone, hard, somewhat sandy '' glance ^' ..46' 

Clay, pale 13 

Ironstone 2 

aay, pale 3 

Limestone, in solid beds 2 feet 6 each 

LClay . 

c. Shale, Carbonaceous grits, and coal 50 



d. Calcareous 
Series 



> 17 11 



'I9 



In the vicinity of Castle Howard and Kirkham, especially along the 
railway ahout Oramhe-Beck Station, we have a continuous section of the 
Bath Oolite series from the Lias upwards to the Kelloway rock. This 
favourahle exposure was explored many times during 1861-67, and again 
in 1872, with the result expressed in the longitudinal section which 
follows, the letters having the same meaning as before. 



82 



MOORLAND DISTRICT. 



[Chap. III. 



Section on the Eailway near Castle- Hotuard Station, 




Taken in vertical order, we have : — 



/. Sandy and calcareous 
series, many con--^ 
chifera, 20 feet . 



ft in. 

Sands 2 

Shelly sandy "glance" nodules 

and beds 6 

Sands^ white above, yellow be- 
low 10 

^ Shelly sandy limestone ... 2 

f Clay, laminated 

J Yellow sandstone 



ft in. 



>20 0^ 



ft. in. 



I Shelly laminated sandstone . 2 
Shelly subcal 
Clay parting. 



L Shelly subcalcareous beds . . 2 



I 10 
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., y Oolite often large-grained . 



r Sandstones, brown, yellow, thick 

e. Sandstone, shale, iron- I and thin beds 30 

stone, &c. . . . I Clay and ironstone lumps .... 10 

L Sandstones . 30 

d. MiLLEFORE Oolite 
with many fossils 

r Brown and variously coloured 
c. Sandstones, shales, J sandstones and shales . . 30 

&;c I Cement-stone and shales ..30 

Lshale 27 J 

b. Ironstone beds (Dogger) Ironstone ofKirkham and Castle Howard 8 

Lias clays beneath. 



30 



60 



61 



Thus, in passing from the vicinity of Thirsk to the vale of the Derwent, 
the strata of the Bath Oolite series have lost two thirds of their total 
thickness, but the calcareous portions are on the whole augmented, their 
composition becomes more similar to the ordinary types of oolite, and their 
fossil contents are more numerous and more varied. 
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The Dogoeb series (b), which immediately covers the lias, is a group 
of rocks very variahle in appearance and composition. Where fully 
developed, as on the sea-coast at Blue Wick, under the High Peak, it 
presents several layers of shells and pebbles, with a considerable thick- 
ness, of subcalcareous irony sandstone, of which the lower grey part 
assimilates very decidedly to the Lias beneath, and corresponds to the 
Midford sands. In consequence of this assimilation, we may conclude* 
that both formations are here complete. In the sea-cliffs further west, 
about Whitby, Sandsend, S/unswick, and the hill above Huntcliff, 
the Dogger series is not known to contain many shells; nor does it 
generally exhibit any such gradation in character to the Lias be- 
neath. Some parts of the series, therefore, are in such cases wanting, 
the conditions of accimiulation having been somewhat different. It is, 
however, usually more ferruginous, so as to be a valuable ore, though not 
so thick or of such uniformly good quality as the liassic ironstones below. 
Shells of the same kind as those which fill the Dogger at Blue Wick, are 
again found in it at the fine cascade, a few miles firom Whitby, called 
Falling-force, in the upper part of Goadland Dale, and at Coldmoor and 
other places in the Cleveland Hills t. Commonly about Whitby and 
Hobin Hood's Bay its lower layers contain nodular masses and fragments 
of ironstone, argillaceous limestone, red clay, porphyry, white felspar, 
quartz, and blende ; but in the cliffs which range far to the west the 
Dogger is recognized only by its very irony composition and largely 
nodular structure. In some places it is even but little distinguishable 
firom common sandstone, or is deficient altogether. Its utmost thickness, 
including sandy partings, is about 60 feet. 

In consequence of its own characters, its position upon the Lias, and 
its evident assimilation to the Upper Lias shale, I think it may be con- 
cluded that the conchiferous Dogger beds at Blue Wick, and the ferrugi- 
nous oolites of Rosedale, Thirsk, and Kirkham, are certainly the equiva- 
lent of the Northamptonshire iron ores, and of the lower part of the 
Inferior Oolite of Gloucestershire. 

♦ See Professor Sedgwick's remarks on this subject, Ann. Phil., May 182(K 
t The late Rev. L. V. Vernon afforded me valuable information while I was investigating the 
geology of the Cleveland HiUs in 1826. 

V 
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Coming southward from the clifBs near Whitby, we find this series of 
beds not so much replaced by as gradually changed into a ferruginous 
oolite, near Grosmont Bridge, and round the high edges of Bosedale and 
its branches, and a part of Famdale. In the continuation of this course 
westward it presents similar characters along the steep front of the 
Hambleton Hills, especially about Boltby, Sutton, and Peliskirk, near 
Thirsk. At all the places named it is or has been opened for ironstone, 
the richest of all the deposits being on the west side of B/Osedale, where it 
ranges for miles. Here, within a limited space, it is a truly ferruginous 
oolite, containing magnetic sesquioxide of iron with strong polarity, and 
has yielded, for a thickness of ten or more yards, about 40 per cent of iron. 
Occasionally more calcareous, locally very ferruginous and very variable, 
the rock continues by Coxwold, Brandsby, Terrington, Whitwell, Kirk- 
ham, and Howsham, to pass under the unconformed edge of the chalk 
near Kirkby Underdale. It is feebly traced in the district of Cave, always 
calcareo-ferruginous and resting on Lias shale; and it is continued in 
Lincolnshire. 

The SANDSTONES and shales (^), with fossil plants and coal, which 
succeed and cover the conchiferous series just described, rise from the sea 
a little north of Cloughton Wyke, and occupy the lower and middle parts 
of the cliff as far as the High Peak. They appear on all the higher 
parts of the coast, from Robin Hood's Bay to Huntcliff, and, thence 
retiring inland, in all the high Cleveland Hills before mentioned. The 
lowest part of this series of rocks usually contains a considerable por- 
tion of shale, and some thin layers of white and yellow sandstone, with 
fossil plants and irregular seams of bad coal. Occasionally this part 
swells out to a great thickness, and encloses two very distinct layers of 
fossil plants : those which lie nearest to the Dogger consist of cycadiform 
fronds and ferns of different kinds, and are imbedded in white carbona- 
ceous sandstone and shale, or in ironstone (cliffs imder Whitby Abbey). 
The upper layer consists of only one kind of equisetiform plants, standing 
vertically, as if in the attitude of growth, in a bed of sandstone, which 
rests on shale. A considerable thickness of sandstones and shales covers 
these plants at High Whitby and in Staintondale cliffs. 
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The complicated groups (d^ e^f) of calcareous (marine) and arenaceous 
and shaly (estuarine) strata now to be noticed are of small agricultural 
value, but of great geological importance ; for they afford a very ample 
suite of organic fossils, fully demonstrating their relation to the Oolitic 
formation of Lincoln and Bath, with which they are actually con- 
nected by intermediate points, though on a first view they appear very 
unlike. 

MiLLEPOBE Oolite. — ^The lowest group (d), the " Millepore rock," is 
seen in the extensive low- water scars between Gristhorp and Redcliflf, and 
at the northern point of Cayton Bay. From this point it is below the level 
of the sea till we pass Cloughton Wyke, beyond which it rises along the 
high cliffs of Haibum and Stainton-dale to near the Peak house. Hence 
it recedes inland, and, aft^r passing by an obscure course across the moors, 
reaches Hood Hill, Coxwold, and Owlston. It now becomes more decidedly 
oolitic, ranges by Brandsby, Terrington, and Crambe to the quarries 
about Westow, and is continued more obscurely between Leppington and 
Acklam, to pass under the chalk hills. This oolite reappears from 
beneath the wolds at Sancton, and ranges by NewbaJd, Everthorpe, 
EUerker, and Elloughton to the Humber, near Brough ferry. The lower 
part of the Lincolnshire Oolite, beyond this river, is a continuation of the 
same rocks. 

The NON-CALCABEOus group (e), consisting near Thirsk for the most 
part of sandstones, contains, however, one band of coal or dark shale^ 
like those which at Gristhorp yield so many plants. 

The CALCABEOUS group (/) is the " grey limestone*' series of the shore 
south of Scarborough, especially at White Nab. On the sea-coast, and in 
the eastern moorlands, these calcareous strata are much debased by ad- 
mixture of sand, argillaceous matter, and ironstone, so as to be very 
indifferent b'mestone, and very unlike the usual appearance of Oolite. In 
the western part of the same district their aspect changes ; the upper 
fissile portion, at Brandsby and Terrington, appears on a first view to 
agree remarkably in structure, composition, and organic remains with 

p2 
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the slaty stones of Wittering Heath and Colly weston in Northamptonshire, 
and in a less degree with those of Stonesfield near Oxford. Mr. Lonsdale's 
researches have proved the Stonesfield rock to belong to the lower por- 
tion of the Bath Oolite. The GoUyweston beds are believed to be of 
earlier date, and to lie below the excellent freestone of Ketton, which is 
a part of the Inferior Oolite. This slaty stone hardly occurs in a satis- 
factory manner on the sea-coast. 

The sandstones and shales (g) next to be noticed, which rest upon 
the grey limestone, have a general resemblance to those which cover the 
Dogger. The lower part consists chiefly of thick irregular strata of sand- 
stone, with nodules of ironstone and layers of shale, containing local and 
scattered deposits of fossil plants. Above is a thick deposit of dark and 
light-coloured shale, with alternations of thin sandstones, and a few inter- 
esting plants (leaves of ZamiacesB and Perns). 

The plants which lie in the shale and ironstone belong to the same 
tribes of ZamiacesB, ferns, and lycopodiiform plants as those which 
occur in the Lower Carbonaceous sandstones; but the species are fre- 
quently, if not generally, distinct. The sandstone is often filled with 
fragments of carbonized wood, like so many pebbles ; and occasionally it 
contains large carbonized branches. Its surfaces are generally blackened 
by particles of the same substance. This series may be observed upon 
the coast from Gristhorp Bay to near Scarborough, and from that town 
northward to Cloughton Wyke ; and its lower sandstones appear along 
the top of some of the high cliffs between Haibum Wyke and the Peak. 
Its course inland is on the north side of the tabular hills which range 
from Scarborough to Hambleton, but is not easily defined across so 
wild a surface of heath and bog. It is probably thickest, and certainly 
is best known, in the vicinity of Scarborough. 

The calcakegus bed (A) which is found at the top of this Carbonaceous 
formation has a considerable resemblance to the calcareous layers (/) which 
have been already described ; but its position under the Kelloway rock, 
and the general character of its organic fossils, justify Smith's opinion, 
that it is referable to the " Cornbrash " limestone of the southern counties. 
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It is a thin, fissile, partially oolitic stone, remarkably filled with Terebra- 
tukBf Triganuej Unioniform shells, and small Echinobrissi. Gristhorj) 
Bay and Redcliff, and the vicinity of Scarborough, are the only points 
where I have seen it distinctly exposed on the coast ; and great diffi- 
culties must always attend the efforts to trace so thin a rock across the 
interior of the country. I have examined it in Newtondale, where it is 
much thicker than on the coast ; it is hardly distinct on the western side 
of the moorlands, about Thirsk ; and in the vicinity of Kirkham, Westow, 
and Cave, and in the northernmost part of Lincolnshire, its presence is 
not yet proved. 

In the south of England, from Cheltenham to Yeovil, the Lower Oolites 
are almost wholly composed of marine sediments, the Porest-Marble 
series showing, however, by frequent examples of drifted wood, and 
repeated admixtures of shell bands and clay partings, some indication of 
the influence of inflowing river-currents. In the Yorkshire series, on the 
contrary, the sediments are principally such as might be furnished by 
rivers varying in force and subject to intervals of feebler action. Thus 
we have thick and thin beds of sandstone, with sandy shales, and frag- 
ments of stems and branches and leaves of plants — plants of dry land, as 
the ZamiacesB, of the marshes, as Equisetites^ but most rarely of the sea, 
as a few fucoids. Even beds of such plants occur and make thin, poor 
coal-seams ; and many bands and nodules of ironstone are noticed ; while 
at several intervals calcareous beds appear and exhibit a considerable 
series of marine exuviae. 

If we were to put out of consideration the shelly beds of limestone, we 
should find in these carbonaceous rocks much resemblance to that more 
ancient deposit of coal and sandstone and shale which has been expressly 
called the " Coal formation." But we are furnished with the most satis- 
factory means of discrimination in the plants which accompany the coal ; 
for though perhaps one hundred species of fossil plants have been dis- 
covered in the West-Riding coal-field, and not less than fifty in the 
sandstones and shales of the north-eastern coast, it is not too bold an 
assertion that no one species has yet been found which is common to both 
situations. 
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This tract may be regarded as an oolitic ^* Coal-field '* accumulated with 
some disturbance, or a** Wealden" which was produced by currents flowing 
into the oolitic sea, from lands which had been previously elevated on the 
north and west — ^palaeozoic lands, part of tha Penine and other ancient 
ranges, which have formed, it is probable, the original shore of the Mesozoic 
deposits of every age till the close of the Cretaceous period. 

The whole mass of the arenaceous and shaly interpolated sediments be- 
comes thinner towards the south, does not cross the Humber, and is indeed 
almost extinct on the parallel of Malton ; while, on the other hand, in the 
same direction the calcareous masses grow on the whole thicker and collect 
into more distinct groups, from which the transition is ^tsy to the more 
normal series of oolitic beds in Lincolnshire, In that district the Fuller's 
Earth has not been traced; and thus only one thick series of limestone rocks 
is found to compose the " Cliff" range, with brown, grey, and white sands 
and sandstone and ironstone below. These sands open out in Northampton- 
shire and become in part calcareous, showing at Collyweston thin beds like 
those of Brands by in Yorkshire, richly stored with shells, and in some parts 
Ironstone of great value. In some places, as near Stamford, Northamp- 
ton, and Weedon Beck, the frequent alternations of calcareous, ferruginous, 
and arenaceous layers, and the occurrence of fragments of land-plants, 
give them somewhat of an estuarinc character ; and the same conclusion 
may be adopted for the Porest-marble series ; so that there, as in Yorkshire, 
we have traces of the proximity of land and the interference of river- 
floods- By combining all these indications, we have in the Oolitic period 
of England a direct, if not complete, history of the sea and its shores, 
and a probable view of the condition of the adjacent lands. 

One of the remarkable features in this country is the frequency of 
Ironstone bands, mostly composed of nodules or aggregated masses, and 
generally of good quality, but too thin for working, in presence of the 
now famous beds of Cleveland, which lie in the Lias above the Marlstoue. 
The exception is the lowest bed of aU, the " Dogger *' (a name borrowed 
from the alum- works), which is a true representative of tlie Inferior Oolite, 
with the granules wholly or partially converted to carbonate of iron. This 
has been found in several tracts thick enough and rich enough to be em- 
ployed in the furnaces, as in Eosedale, about Thirsk, and about Kirkham. 
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The economical questions connected with the Ironstones will be referred 
to again. 

Another striking peculiarity of the district is the great "dyke'* of 
basaltic rock, which literally cuts through the whole county, following a 
nearly vertical fissure, from Teesdale across the Coal-field of Durham, the 
B/cd Marls of^tokesley, the Lias of Eskdale, and the sandstones and lime- 
stones of the moors, on a line by Silhoue Cross toward the Peak, which, 
however, it does not reach, though we may, perhaps, regard the gi^eat 
fault in that high cliff as formed on a continuation of the fissure, in which 
the Basalt was consolidated from a state of fusion. This dyke must be 
the subject of further consideration. 

The surface of the higher parts of the district now under review is 
almost uniformly heathy, with narrow and interrupted patches of greener 
herbage, where the limestone bands obscurely appear, or small springs 
encourage the growth of moisture-loving plants. The valleys, for the 
most part deeply sunk into the Lias, as Eskdale, Bilsdale, Bransdale, 
Eamdale, and Bosedale, or winding among cliffs of sandstone and lime- 
stone, as Newtondale and Harwooddale, are picturesque with girdles of 
rock, or beautiful with green slopes, sheltered homesteads and woodland 
waterfalls. The hills are conspicuously marked by tumuli of Anglian 
and British races, traces of Boman roads and camps, and pit dwellings of 
earlier people. 

Possibly these broad moors, now almost abandoned to the grouse, were 
once in a different physical condition, and yielded more sustenance to 
flocks and herds; in some places the marks of ancient industry seem 
traceable ; and if lime were abundantly employed on well-selected parts, 
after efficient drainage, we might see nutritious herbage spring up in 
abundance where, though unaided, white clover now maintains a feeble 
struggle for existence with the overmastering heath, and with fair encou- 
ragement even wins a partial victory. 
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CHAPTER IV. 



THE TABULAR OOLITIC HILLS. 



These hills meet the sea-coast between Piley and Scarborough on the 
east. They rise toward the north from under the Vale of Pickering, and 
terminate in a remarkable line of escarpments at Silpho Brow, Bkdcehoe 
Topping, Saltergate, Lastingham, Easterside, and Black Hambleton. 
Prom the Vale of Pickering the ascent to them is long and gradupl, but 
from the northern moors it is very short and abrupt. The altitude of 
the hills increases westward. Thus Gristhorp cliffs are about 270 feet 
high, Oliver's Mount 490 feet, the heights above Troutbeck 650 feet, 
above Rievaulx Abbey 800 feet, and at Hambleton 1246 feet. Even at 
considerable distances, the plane summits and abrupt terminations of 
these oolitic hills are very remarkable. 

Prom Hambleton the range proceeds southward by Wass bank, 900 
feet, and eastward by Ampleforth and Oswaldkirk bank, 330 feet, to 
Stonegrave, beyond which place it sinks beneath the Vale of Pickering. 
A branch of this range, separated from Oswaldkirk bank by the valley of 
Gilling, extends in a south-easterly direction to Malton, where it crosses 
the Derwent, and, after rising into the high grounds of Langton wolds, 
turns again to the south, and passes under the chalk hills at Acklam. 
Some of the strata which belong to this group of rocks reappear from 
l>elow the Chalk in the neighbourhood of South Cave, and are continued 
in Lincolnshire. The surface occupied by this district is about 190 square 
miles : it includes the following strata : — 
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SeeHon of the Middle or Oxford Oolite Series in Yorkshire, 

Kimmeridge Clay aboye. 

Utmost thick- 



ness, in fecL ^''•^• 



Upper Calc. Grit 
CoraUine Oolite . 
Lower Calc. 6rit 

Oxford Clay 

Eelloway Bock 
Clay 



60. ~] Bdemnites abbreviattis, 
60. y Ammonites vertdnuUs, 
80. J Cidaris JUmgemma. 

150. Belemnites hasiatus. 

90. Ammonites athUta. 
5. Ohfphea Stricklandi, 



Combraah Bock below. 



Of the strata here enumerated, possibly all may be equally ext^isive ; 
but some are more easily traced than others. The Kelloway rock shows 
itself on the coast at Gristhorp and Scarborough, and at many points 
inland along the northern escarpment of the tabular hills; it sweeps 
round the western slopes of these hills, is traceable near Gilling and Castle 
Howard, and reappears in the neighbourhood of Cave, Everywhere 
characteristic fossils accompany it, and establish the agreement between 
this rock and that so named in Wiltshire, which had been already inferred 
from geological position. The argillaceous stratum which separates the 
Eelloway rock from the lower calcareous grit represents in Yorkshire 
the climch clay, or Oxford Clay, of the southern counties. It continues 
along the breast of the great escarpment of the tabular hills from Scar- 
borough towards Hambleton and Wass bank, and is less distinctly trace- 
able where the same range turns eastward, by Ampleforth and Castle 
Howard ; it has been penetrated to some depth near Malton, but has not 
yet been foimd about Cave. The lower calcareous grit and coraUine oolite 
are extremely well connected from Scarborough round theVale of Pickering 
to Acklam, but they have not been seen further south. The calcareous 
rocks which range close under the wolds of Lincolnshire do not belong to 
this formation, as many years since, with Mr. J. E. Lee, I had the means 
of ascertaining. They rest upon Eimmeridge Clay, and have been re- 
ferred by Mr. Judd to the Neocomian series. The upper calcareous grit 
covers the coralline oolite at Stonegrave, Oswaldkirk, Ampleforth, and 
Wass bank, and, in lower ground, at Helmsley, Kirkdale, Pickering, and 

G 
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Sinnington^. It also occurs, as Dr. Smith informed me, in the same 
manner on Silpho Brow, near Scarborough. At Kilbum, near Coxwold, 
is a great exhibition supposed to be of this rock, thrown in by a long line 
of fault t. 



That all the strata of the tabular hills should be included in one " for- 
mation," appears to me satisfactorily demonstrated by the gradations they 
present from one to another. Thus the Kelloway rock changes into the 
Oxford Clay, which is still more evidently blended with the lower part of 
the calcareous grit The calcareous grit and coralline oolite above are so 
harmonized at their jimction, that it is not easy to mark the exact line ; 
and the similarity of character between the upper and lower beds of cal- 
careous grit completes the evidence which warrants the combination of 
all these strata into one natural group. 

Whoever compares this series of strata with the coralline Oolite for- 
mation in Berkshire and Wiltshire, will find them extremely similar in 
the mode of arrangement, in mineralogical composition, and organic con- 
tents. The features which they impart to the country are much alike in 
both districts ; and the whole evidence in favour of their aflGbiity is com- 
plete and satisfactory. Yet the two districts lie wide asimder, and in all 
the intermediate tract a great portion of the series is unknown. From 
Acklam to the neighbourhood of Cambridge, no coralline oolite or cal- 
careous grit appears at the surface ; the Oxford Clay has, on the contrary, 
a large breadth. The Kelloway rock has not yet been described between 
Huntingdonshire and the Humber. The absence of the rocks is equalled 
by that of the characteristic fossils, those useful and often necessary 
guides to determine the affinities of detached portions of the strata. 

But where the rocks reappear, as at Upware, between Cambridge and 
Ely, many of the organic forms usually associated with them come again 
to view. In the country near Oxford the Kelloway rock is hardly trace- 
able ; but in the district near Cambridge, Mr. Seeley finds several such 

* See Philosophical Magazine and Annals of Philosophy, April 1828. 
t In examining this locality I had the advantage of being accompanied by Mr. C. Strickland 
abont tweniy years since. 
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strata associated with the Oxford Claj, and cQntainiag considerable 
suites of fossils. 

On comparing the Yorkshire strata of this group with those of the 
South of England, we may remark, along with a striking general con- 
formity, some differences worthy of notice. The sections which follow 
represent the proportions occupied by the several members of the forma- 
tion, in the north and in the south respectiTcly. 



Norih. 



Sontfa. 



Of* i _ - 






CP' 



sf 



..^^ 



c^^- 



Oxford Clay 



c^ ; __ 



I Kelloway Rock 
' Clay ■ 



In a general view the arenaceous elements predominate in the north, 
the argillaceous parts are thickest in the south. They produce also more 
decidedly strong clay land. The oolitic portion preserves on the whole a 
more uniform thickness ; but, being an aggregate of invertebral structures 

g2 
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and sediinents derived firom them, it is liable to much local diversity, 
remarkable reductions of thickne&s, and change of aspect. Some portions 
are a kind of coral reef, as at Great Ayton near Scarborough, Heddington 
near Oxford, and Calne in Wiltshire ; in which, however, horizontal 
drifting of shells and displacement of coral masses may be observed ; so 
that it is rather with a part of the shelly and coralline aggregates of Ber- 
muda, and the sinking low islands of the Pacific, than with the uprising 
reefs of madreporic growth that the comparison should be made. 

Oolitic structure is manifest in some parts of the Kelloway rock on 
the Scarborough coast, and in the valley of the Derwent. In descending 
the cliflF at Gristhorp, we find a large-grained calcareous oolite in small 
quantity at the top of the Kelloway sandstones, with few fossils in the 
general mass ; at Hackness, in a thickness of 90 feet, some parts are 
richly fossiliferous ; on the front of the Hambleton Mils, above Thirsk, 
there appears to be a division of the rock iato two thick members, with 
a portion of Oxford Clay between them. 

There is a band of clay below the KeUoway rock on the Yorkshire 
coast, which appears fairly referable to Oxford Clay, and is somewhat 
remarkable for containing Olyphea Stricklandi. Thus, in a complete 
view of this system in Yorkshire we must admit : — 

Upper Oxford Clay. 
Upper Klelloway rock. 
Middle Oxford Clay (occasional). 
Lower Kelloway rock. 
Lower Oxford Clay. 

And it appears likely that this way of considering the series wiQ be 
found useful in other districts. Near Oxford three divisions in the Oxford 
Clay appear marked by the fossils, and especially the Ammomtest though 
Kelloway rock is not as yet distinctly proved there *. 

The physical geography of the district of " Tabular Hills " oflFers a few 
subjects of interest. First, we remark the many narrow valleys which 
cut through the northern escarpment, and bring swift streams from the 
moorland sources. 

The dales of Hackness, converging to the Forge valley, may be taken 

* Geology of Oxford and the Valley of the Thames, p. 298. 
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as a favourable example of picturesque windings between woody slopes 
and conspicuous hills. Some of these dales are very short, and have their 
origin within the escarpment-edge, as if the strong springs to which they 
usually give passage might fairly be regarded as the local successors of 
excayators of the valleys in which they run. Others are rocky channels 
ploughed some hundreds of feet deep, through the sloping strata from 
the sandstones and shales below to the calcareous rocks above. Such 
are the principal dales of the Derwent, Newtondale, the lower parts of 
Bosedale, Famdale, Riccaldale, and Bilsdale. 

In several of these valleys the stream loses water, or wholly disappears, 
when it arrives at the calcareous strata : in approaching the Yale of 
Pickering, it sinks into the open jointed rocks and fills the subterranean 
reservoir — ^the watery currents breaking out again further down the valley, 
considerably charged with carbonate of Ume obtained by solution of the 
rocks in its undei^round channels. This is probably the veiy ancient 
origin of the caverns which have been examined at Kirkdale and in the 
vicinity of that famous " ossuary;" for these may well be supposed to 
have admitted at some former period, directly or collaterally, currents of 
water charged with carbonic acid. 

The same general chemical agency may be appealed to for explaining 
in some cases the entire removal of carbonate of lime from the so-called 
"calcareous grit" rocks. These are found in many situations, where 
covered by upper strata and not much exposed to downward' passing 
watCT, to be really very calcareous ; but on open hill surfaces, and in other 
situations much exposed to atmospheric action, the shells are removed, 
and hardly a trace of lime can be detected in the sandy residual rock. 
Another thing observed in these grits, which perhaps may receive expla- 
nation from similar operations, is the occurrence of large spheroidal con- 
cretions, harder and more calcareous than the surroimding rock, which 
lie in one or more layers, parallel to the general stratification, below the 
covering oolite. It appears as if by dissolution of oolite above, calcareous 
matter were carried down into the strata below, and there collected 
round Ammonites or other organic forms — ^much as nodules have been 
formed round the Ammonites of the Upper lias, and round the leaves of 
Pecopteris in the shales of the coal districts. 
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CHAPTER V. 

THE VALE OF PICKERING. 

This valley, or rather wide level, containing nearly 160 square miles 
of surface, lies between the parallel ranges of chalk and oolite. Its 
eastern portion, contracted by the nearer approach of these high 
ridges, is prolonged to the edge of the sea-cliffs about Filey; on 
the west its waters pass, by a narrow valley of denudation, through 
the oolitic hills which extend from Castle Howard to Malton and 
Langton Wold. Were this narrow passage closed, a large portion of 
the Vale of Pickering would become a lake, discharging itself into the 
sea near Eiley, through cliffs about 70 feet high. Professor Buckland, 
in his admirable work, the * BeliquiBe Diluvianse,* seems to admit the 
probability of the Vale of Pickering having been an antediluvian lake, 
which w^ drained when the present outlet at Malton was effected. 

The idea of its having been a lake naturally offers itself to every 
one who considers its wide level surface, and remarks the multitude of 
streams which run into it and pass out by the single channel of the 
Derwent. The present appearances of the vale can only be employed to 
support opinions as to its condition in late Pleistocene ages. The Vale 
of Pickering has a partial surface of alluvial sediment, and a general 
covering of diluvial clay and pebbles, upon substrata of blue clay. How 
vast a load of diluvium lies on the regular strata in particular situations, 
is known to those who have inspected the cliffs between Speeton and Filey ; 
and similar accumulations prevent it from appearing in all the central 
part of the vale. The present flat appearance of this great hollow is due 
to alluvial agencies ; but there are phenomena along its borders which 
afford some clue to its condition in earlier, probably even preglacial 
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times. First, we remark on the southern border the long escarpment of 
the Chalk wold resting on the upper blue clay of the vale, and presenting 
the aspect of a long-since-deserted sea-cliff — ^the softened continuation of 
the storm-beaten precipices of Flamborough Head. The softening of the 
wold hills and the ever rugged, fissured, and broken cliff, with its sepa- 
rated islands of chalk and flint, tell the same tale of the transforming 
influence of long-elapsed time. The present smooth aspect of the wold, 
due to gradual subaerial waste, disguises the effect of earlier sea-waves, 
acting with more powerful water-batteries. Could we displace the 
boulder-clays and let in the sea, no long period (speaking after the 
manner of geologists) would elapse before mightier cliffs than those of 
Dover or Beachy Head would hang over deeper waters, and be washed 
by heavy tides from Speeton Cliff to Settrington Wold. 



Nortii. 



Section across the VaU of Pickering, 



South. 




Oolitic Series. 



a. Alluyial and diluvial depoHits. 



/. Supposed fault 



Chalk &c. 



Turning to the north we see the oolitic hills rising from the vale, with 
slopes corresponding in a general way to the dip of the strata, but yet often 
marked by steep descents toward the level ground and truncations of 
the rocks, which are very unusual on the dip side of gently inclined 
limestones. This front of the hills has been wasted by " denudation," 
to a considerable depth below the level of the vale, and in some parts 
(Ebberston, Pickering) suggests the idea of a fault-line from east to west 
(see diagram above). These appearances agree well with the supposition 
of a great sea-loch, into which the rivers entered from the north by chan- 
nels usually turning eastward, as still happens to the branches of the Rye, 
and did probably happen in earlier times to the Derwent, one of whose 
sources is within a short distance of Filey. 

To acquire right views of the early condition of the Vale of Pickering 
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may help us to understand what questions must he examined if we wish 
to determine the circumstances under which Kirkdale Cave was tenanted 
by its ferine population. Obviously the occupation was long enough to 
encimiber the floor for 230 yards with the bony reliquiae of many genera- 
tions of hyaenas and oxen ; during this occupation the cave must have 
admitted no full flow of water, though formerly it had been traversed by 
rain or river-currents. It is equally clear that afterwards mud, arriving 
through joints of the rock, or poured in at the opening, was spread over 
these reliquiae ; and later stiU stalagmite, dropping from the roof, was 
deposited upon the mud and bones. Finally the mouth of the cave was 
blocked up by earthy masses and rocky fragments which descended from 
the hill above. Nothing in this summary of operations appears to 
require the agency of the sea, or indicate specially its proximity — though, 
if the valley were again filled with water, Kirkdale Cave might be 
likened to Bacon Hole near Swansea, and to the caverns in the cliflfe of 
Palermo. But, on the other hand, admitting all the phenomena above 
stated to be connected with subaerial conditions, there still remain the 
questions (applicable to many such caverns). What caused the disuse 
of the cavern ? Was it occupied in preglacial times, and closed by floods 
of the glacial age ? Was a change of climate the cause of desertion or 
the agency of extinction ? 

Toward examining these questions something further is needed ; a cata- 
logue of the animals entombed in the cavern must be prepared and dis- 
cussed ; and that must be deferred to a future page. But it is worth 
remarking that Kirkdale Cave contained no traces of human works or 
instruments of any kind or any age, nor any evidence of more than one 
period of occupation by predaceous beasts, who derived some of their 
food from creatures living on the margin of a lake or among the reeds of 
a marsh, like some which occur' in Central Africa, Southern Australia, or 
South-Eastern India. 

It is the Kimmeridge Clay which forms the series of the greater part 
of the Vale of Pickering, as may be partly seen, but certainly inferred, 
from observations in the cliffs near Filey and on the shore at Speeton. 
But an upper belt of blue clay shows itself beneath the Chalk wolds at 
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Speeton and Knapton, and at each place produces fossils, some of which 
much resemble those of the " Glault ** of Kent and Sussex. The lower 
blue clay appears along the north side of the Vale of Pickering about 
Kirby-Moorside and Helmsley, as well as at Settrington and North 
Orimston, near Malton, and at EUoughton, near Cave ; and at several of 
these points it yields the Ostrea deltaidea, which is one of the most cha^ 
racteristic shells of the Kimmeridge Clay. Near Helmsley it admits in 
the lowest part some ferruginous sandy beds, and in the Speeton cliffs 
appears to be followed by a representative of the Portland sands*. The 
curious phenomena which accompany the southern edge of the the Yale 
of Pickering when it comes i^ainst the Chalk range at Speeton, will be 
noticed when the coast sections come mider consideration. 

* Both in respeot of the Speeton clay proper, and the subjaoent strata, geologiats are indebted 
to Mr. Jndd, whoee reexamination of the lincohishire sectiona, near Caistor, has completed an 
investigation began many years since by Mr. J. £. Lee» the late Mr. W. H. Dikes, and myself. 
By Mr. Jndd's researches the relation of these strata to the Speeton day and the Neocomian 
rocks of the continent has been made clear. 
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CHAPTER VI. 

THE CHALK WOLDS. 

The Wolds of Yorkshire form one of the most remarkable features in 
this comity. High and bare of trees, yet not dreary or sterile, they are 
furrowed as all other chalk-hills, by smooth, winding, ramified valleys, 
without any channel for a stream. Where several of these valleys meet, 
they produce a very pleasing combination of salient and retiring slopes, 
which resemble, on a grand scale, the petty concavities and projections 
in the actual channel of a river. No doubt these valleys were exca- 
vated by water, but not merely by the action of rains, or springs, or 
rivulets. Atmospheric influences have certainly moulded the surface to 
its present aspect ; but something must be allowed for oceanic fluctua- 
tions in ancient times ; for these have left unequivocal traces of mechani- 
cal energy exerted over all the region. 

From the Humber, at Hessle, the high wolds range in a north-western 
direction to Riplingham Clump and Himsley Beacon, 631 feet high, and, 
passing above Market- Weighton, reach their greatest elevation at Wilton 
Beacon, above Garraby, 805 feet above the sea. Hence their edge con- 
tinues by Wharram and Settrington, and, turning to the east, skirts the 
Yale of Pickering, and fronts the sea in a long range of lofty cliffs from 
Speeton to Flamborough Head. From this elevated line the surfiEtce 
slopes eastward to Cottingham, Beverley, and Driffield, and southward to 
Burton- Agnes and Bridlington ; and at all these places the chalk sinks 
below the wide diluvial and alluvial plains of Holdemess. The extent of 
surface occupied by the Chalk formation of the Wolds is about 376 square 
miles, and the thickness of the stratum not less than 600 feet. Through- 
out its whole course the mineral characters are much aUke, and its fossil 
remains nearly identical ; yet, as the beds are more completely exposed 
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on the sea-coastj it is from Bridlington and Flamborongh that most 
fossils are procured. The rock is generally much harder than in the 
southern counties ; and the layers of flint are more diflFused through its 
substance. On the western slopes of the wolds, as about Bishop^Wilton 
and Brantingham, the lower portion of the Chalk is softer than the 
upper part, and apparently more argillaceous ; it seems to correspond 
with the Chalk-marl of Oxfordshire ; but no fossils have been collected 
from it* At the bottom are red layers containing small Beleninites 
(B. Liateri) and Terebratulse» which do not occur aboTe, The blue clay 
of Speeton ends abruptly under the Chalk, without any traces of gradual 
change* 

In wells and pits sunk on the wolds the Chalk has been several times 
perforated, and foimd to rest on Kimmeridge Clay near Sherbum, and 
on Lias, containing characteristic fossils (of which specimens have been 
presented to the Yorkshire Philosophical Society by the Eev. T. Rankin) > 
at Huggate. The Litter fact is highly important, as it shows to what an 
extent the unconformed arrangement prevails under the central part of 
the wolds. 

The unconformity of the Chalk to all the strata beneath it is a striking 
feature of the geology of Yorkshire, The diagram on p, 62 shows how 
the map of the strata is affected by this circumstancej the nearly straight 
outline of the chalk cutting across the reentering curves of the Oolite 
and Lias* These curves depend upon one rnain^ very broad, and gentle 
anticlinal elevation, from which the strata of earlier date than the Chalk 
decline towards the north and towards the south. The summit of this 
anticlinal was truncated, and large denudation of the lias and Oolite 
occasioned; and then broad strata of Chalk were laid over the whole 
waterwom surface, so as to cover a large part of the Lias and conceal all 
the Oolites for a distance of from twelve to twenty miles. The dotted lines 
represent the course of these strata under the Chalk, with some approach 
to accuracy, since the Lias (to speak exactly it is the Upper Lias) has 
been found immediately under the Chalk, in a deep well at liuggate 
(marked H). 

The anticKnal to which this remarkable arrangement is mainly due is 
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the southern one marked on the Map ; some effect must also he allowed 
to the northern one, which has been already mentioned in describing the 
Lowest lias of the Vale of York, p. 23. And, in relation to the earth- 



Oolite 




movements which have affected the physical aspect of the region, the 
faults flirther north, which pass by Coxwold (marked 0) and by Ebber- 
ston (marked E), may be considered of similar geological date. It is not 
proved as a fact, but may be readily accepted as a probable inference, 
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that the Chalk once extended much further to the west and to the north 
than its present escarpment-line, in this respect agreeing with what is 
inferred as to the Midland districts, and observed on the Dorsetshire 
coast. A great system of upward earth-movement and surface-waste 
succeeded the deposition of the great series of Oolites in England and 
many parts of Europe, and was followed by a large depression, deep 
water, accimiulations of cretaceous mud, with a prevalence of forami- 
nifera and Echinodermata, and abundance of sponge-growth in silicated 
waters, which characterized the Cretaceous aera, and may still be found 
in some degree to prevaU in the deep basins of the Atlantic and other 
modem seas*. 

The section which follows may help to a right notion of these relations, 
the red and gray chalk being always conformed to the white chalk, and, 
in fact, a part of the mass ; while the Speeton clay and all the strata 
below are usually in imconformable positions, and have different strikes 
and angles of inclination. In point of direction of outcrop, however, the 
Speeton day holds a parallel course to the north part of the wold, if we 
may judge by the two points (Speeton and Knapton) where it is best 
known. 

* The diflooyeries of Br. Carpenter and Professor W. Thomson by means of the deep-sea 
dredge are here alluded to. 
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Section of ihe Cretaceoui Sm«$ tn ForUhirt, wiA the mtbjaeent Strata. 



Upper Chalk 




Middle Chalk with Flints.. 
Lower Chalk 




Red and Grey Chalk 




Bpeeton Clay 




Portland hand 


Eimmeridge Clay 





infeet FomUs. 

100 Bioh in SpcngiadcBf Mantqntes, &c. 



400 Few fossils. 

100 Few fossils. 

50 Many fossils : Belemnites Litteri. 

200 Fossils abundant: Hamitm^ Exogyra, 
6 



QAA J Fossils abundant : Amm. hwlex, (ktrea 
'^\ deUoidea. 



The Coralline Oolite Series below. 



It will be observed that in this Section Upper Greensand and Lower 
Oreensand are not admitted by name. Neither of these, in feet, is spe- 
cifically represented in Yorkshire. On a general view, the whole series 
of deposits below the red chalk and above the coralline oolite must be 
regarded as a peculiar group of argillaceous sediments in a part of the 
sea removed from the littoral agencies to which the Greensands and their 
accompanying conglomerates are due. 
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HOLDERNESS. 

HoLDEBNESs, taken as a natural division, may be said to include the 
whole country lying between the eastern slope of the Yorkshire wolds, 
the German Ocean, and the channel of the Humber. Its western limit 
passes by Bridlington, Burton-Agnes, Driffield, Beswick, Beverley, and 
Ck>ttingham, to Hessle ; what may have been anciently its extent towards 
the east and south-east is not easily determined, because on these sides it 
is exposed to a turbulent sea, which its loose niaterials are ill calculated 
to resist. Its greatest length is somewhat less than forty miles, and 
its extreme breadth about sixteen. It includes about 380 square 
miles of surface, of which, perhaps, seventy square miles are marsh- 
land, relinquished by the sea, according to a regular process of nature, 
or reclaimed by the enterprising industry of man. The remainder 
of the surface, though, on a general view from the wold-hills above, it 
appears like one extended plain, is found, on closer inspection, to be 
remarkably undulated ; and though no land in the whole district exceeds 
140 feet in height, yet, as the valleys are often sunk to the level of the 
sea, the hiUs assume a d^ree of importance which a stiranger would by 
no means expect. 

The long gently curved line of coast, which is so remarkable a feature 
in the topography of Holdemess, formshes the most advantageous oppor- 
tunity of examining its geological structure ; for these cliffs, daily wasted 
by the sea, exhibit distinct sections of nearly all the materials that exist 
in the country. The drains which intersect the marshland, and the wells 
which have been foimd necessary in a country having few natural springs, 
complete the facilities for its investigation. 
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There is, perhaps, hardlj any district in the island which displays in 
so striking a li^t the powerfdl effects of Pleistocene currents as Holder- 
ness ; for in this conntry accnmnlations, firom this canse, compose the 
whole mass of erery hill, and form the deep foundation of ererj marsh. 
In the cliffs of the coast and in the grarel-pits of the interior, remains of 
extinct animals are frequently met with ; and the interest which these 
discoreries cannot fail to excite is increased by the abundance of the 
alluvial deposits which hare happened in the same country at rarious 
subsequent periods, and contain the bones of animals of a more recent 
date. The remains of creatures overwhelmed by the glacial and post- 
glacial floods, and of those which perished long afterwards, lie here not 
fiur asunder; on the neighbouring wolds are the burial-homes of the 
earliest British and the later Boman and Saxon settlers ; the circum- 
stances of their occurrence may be deliberately examined; and the con- 
templative mind is presented with a physical reewd of the principal 
changes to which the surface of the earth has been exposed in these 
r^ons firom those early periods to the present day. 

Throughout the eastern parts of Yorkshire the detritus left by these 
remarkable floods has so much of a common character, and such relar 
tions to the existing and extinct races of land animals and the physical 
features of the region, as to mark in this country a definite geological 
sera, which in a vague mann» has been called the '' glacial " sera. But 
it is more convenient to regard the whole long series of geol(^cal events 
which have occurred since the deposit of Crag, as belonging to the 
Pleistocene or latest Cainozoic period, and to employ for subdivision the 
terms Freglacial, Glacial, and Postglacial^. 

Wherever in Holdemess the earth has been penetrated to a sufficient 
depth, pleistocene accumulations have been found in large quantity. 
However deep, in some instances, are the deposits of clay and peat in the 
sites of ancient lakes, and of silt in places overflowed by the tide, all 
these deposits rest on a basis of day or gravel bearing marks of sea-drift, 

• See BivefB, MoantainB, and 8ea-Coast of Yorkshire, ed. 1, 1853, p. 183, for the BoggetAiaa 
of these terms. 
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or shore agitation. Some confusion formerly existed concerning this 
niatter, and, in consequence, mistakes were committed with respect to 
the antiquity of the deposits of peat and timber which are so frequent on 
the Yorkshire coast. Thus, in the Philosophical Mazarine for April, 
1827, Mr. R, Taylor, comparing the suhterranean forest, as it was called, 
of the Yorkshire coast to that of East Norfolk^ is led to suppose that 
both these accumulations of timber, with all their imbedded bones, took 
place before the dispersion of what was called the '* dOuvial " detritus. 
Accepting to som^e extent the conclusion concerning the submarine 
forests of East Norfolk, I venture at once to aflSrm that the subterra- 
nean and submarine forests of East Yorkshire grew at a later epoch. 
Of this satisfactory proofs will be adduced, when I come to describe 
particularly the appearances on the coast ; it may therefore be suffi- 
cient now to state that in several places the timber, peat, shells, and 
sediment which together make up the lacustrine deposits, are seen 
resting on a depressed part of the '^dUuviar' clay and gravel, and in 
some instances alternating with the upper parts of these deposits, but 
never entirely below them. For the same reason, then, that these 
accumulations are admitted to be posterior to the rocks which they 
cover, we must allow that the subterranean peat and timber are of still 
later date, 

Peeglaclax deposits. — ^The lowest of all the accumulations which 
rest upon the Chalk of the Wolds is an irregular layer of fragments of 
chalk and flint, which, being derived from the stratum beneath, are very 
little water- worn. This singular deposit seems due to a less violent 
action of running water than the general mass of heterogeneous pebble 
wMch covers it. It seems to indicate a local agency of dispersion, 
perhaps the atmospheric waste of a terrestrial surface. limited glacial 
or terrestrial action (sheets of ice or heavy inundations descending from 
the Wolds) may be suggested for the origin of the materials ; but the 
distribution of them must probably be referred to the sea sweeping over 
the surface of the submerged land, I am not aware that any remains of 
land animals have occurred in this rubbly deposit, near Flamborongh 
or on the Wolds; but at Hessle a deposit of the same kind, which I 
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suppose to be of equal antiquity, contains the teeth and bones of the 
extremities of horse, ox, and deer, very Kttle worn by attrition. These 
bones, therefore^ belonged to animals residing in the neighbourhood, 
they indicate a land-surface near ; and as they are now covered up by a 
great thickness of clay and pebbles, derived from a far greater distance, 
we count them the spoils of preglacial land* The rubbly layer of 
ehaUc and flint fragments is not common on the highest parts of the 
Wold-hills, but has been drifted chiefly to the lower part of their 
slopes. 



Bo^LDEK^CLAY, Glaciai* DEPOSITS, — The thickest and most extensive 
of the diluvial accumulations in Holderness is a mass of clay enclosing 
angular and abraded stones of many kinds derived from different regions. 
In the cliffs north of Bridlington and at Hessle, it is seen to cover 
immediately the water^moved rubbly chalk and flint, which lie on the 
great stratum of Clialk. It extends in a connected mass, under nearly 
all Holderness, forming most of the hills and " hard land/* and underlying 
most of the accumuhitions of gravel and alluvial sediment- In the 
highest cliffs on this coast its thickness is not less than 130 feet. Its 
composition is remarkably uniform. We every where observe it to be a 
soUd body of clay, containing fragments of many kinds of rocks, which 
vary in magnitude and in the degree of roundness to which they have 
been reduced. The fragments are, in general^ not so numerous as to 
touch each other, nor placed in continuous layers, but are scattered 
tb rough the clay as plums in a pudding* In the midst of the deposit 
they are sometimes aggregated mto distinct layers of gravel, which 
continue for a sufficient distance to fiirnish springs of good water. 
Thus the clay appears to be divided into two parts, a circumstance obser- 
vable in Holderness, and in thccliflSiof Filey, Scarborough, and Whitby, 
The rocks from which the fragments appear to have been transported are 
found — some in Norway, in tlio highlands of Scotland, and in the moun- 
tains of Cumberland, others in the north-western and western parts of 
Yorkshire; and no inconsiderable portion appears to have come from the 
iOfrK^ast of Durham and the neighbourhood of Whitby, Some ground 
appears for thinking that in j)roportion to the distance which they have 
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travelled is the degree of roundness which they have acquired. All the 
smaller fragments of granite, porphyry, mica^slate, and clay-slate, which 
can be compared with no fixed rocks nearer than those of Scotland 
or Cumberland and ^Vestmoreland, are rolled to pebbles ; the angles are 
worn away from every small mass of limestone which has been drifted 
from the north- western hiUs of Yorkshire ; while those which have been 
brought from the nearer points of the chalk range have yielded much 
less to attrition* Some attention is required to the original hardness of 
the stones : limestone is less rounded than millstone-grit ; and flint 
retains uninjured angles, whilst chalk and magnesian-limestone have lost 
their original surfaces, and laminated fragments of Lias shales have be- 
come ellipsoidal. Some of the stones are scratched ; more are smoothed 
on one or more faces ; but, except in the interposed or covering gravels, 
few are rounded to pebbles. 

Few substances originally soft sue carried by water to a great dis- 
tance, in a solid form. The sandstones of the western and north- 
western parts of Yorkshire are plentiful in the gravel of the Vale of 
York ; but only the hard ** galliard " of Leeds and Bradford, and the 
solid millstone-grit of the moors, can be recognized in the clay of 
Holdemess, This clay is itself, no doubt, an aggregate principally of 
the particles into which the softer strata exposed to the ravages of ice or 
water have been resolved. Its vast bulk need not surprise us, when 
we remember the distance traversed by the currents, and consider how 
large a portion of the mass removed was clay and disintegrated sand* 
We might have expected to find these finer particles at the top, and 
the solid fragments of rocks lying beneath, according to their indi- 
vidual magnitude and weight. As nothing of this kind is observable, 
we must suppose the fragments to have been heaped together by some 
other process than AFater*drifting, and to have been very Httle influ- 
enced in their arrangement by specific gravity or difference of bulk; 
The larger blocks which are occasionally foimd in the clay are 
usually but little worn ; sueh rarely occur in the gravel-beds, in which 
generally the fragments are smaller and much more rounded than in 
the clay, 
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The vaxious organic remains which lie scattered in this clay must be 
considered in two yery distinct groups — those which were removed firom 
rocks in which they had been previously entombed^ and others which 
belonged to animals on the earth, or in the sea, coeval with the deposit. 
To the former class appertain corals from the Mountain-limestone, plants 
from the Coal series. Ammonites, Belemnites, Gryphites, and many other 
shells from the lias; and Belemnites, Echini, and Inocerami from the 
Chalk- These remains famish very important evidence towards deter- 
mining the direction of the glacial currents. 



But the other class of remains, the bones of animals which were in 
existence in these regions diiring the detrital period, and the shells which, 
during the agitation, were buried in sediments or dragged up from the 
deep and mixed with the general spoOs of the land, lead us to still more 
interesting conclusions. For when among hard stones which have been 
worn to pebbles we find the tusks, teeth, and bones of pleistocene 
quadrupeds comparatively uninjm-ed, retaining their characteristic shape 
and often their original surface, we must surely be convineed that such 
remains have not been removed far from the places where the animals 
lived. The only reliquiae of this kind which I have been able to assure 
myself were found in this clay, are those of the Mammoth (Elephm 
primiffenim). Teeth and tusks of this animal have been collected in 
flever^ places on the sea-coast (mostly in gravel) ; and I once found a 
small fragment of a tusk at Hessle. This mammaliferous deposit is not 
mniined to the flat district of lloldemess, but is found in some of the 
valleys of the Wolds, thus indicating the extent of the watery action, and 
determining the minimum of antiquity of these valleys, 

Gravel-beds,^ — It was obsc^rved that, occasionally, patches of gravel 
and aand were found lying enclosed in the great deposit of clay. Such 
iiro aeen in many places on the sea-coast, particularly near Dimlington, 
neftf Skipsea, and toward Bridlington- In many situations gravel-beds 
csover the Boulder-clay, and are filled with pebbles derived from that 
%mguhr mass. In several places, inland, these accumulations are more 
eontfiderable^ and compose hills of a remarkable appearance, as at 
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BrandesburtoQj and in the neighbourhood of Paghill and Keyingham, 
An elephant's tusk has been found at Brandesburton ; and in the neigh- 
bourhood of the latter places I have observed abundance of marine shells, 
intermixed with the graveL As this occurrence is seldom witnessed, it 
may be proper to give the results of a careful examination of the atten- 
dant circumstances. 

Some vague reports concerning these shells induced Mr* Smith to 
consider them indications of the Crag formation ; and he expressed this 
opinion on his Geological Map of Yorkshire (1821), In 1824 I saw epe- 
cimens collected by Mr, Smith and Mr. Sahnond, from a situation which 
will be described ; and I was immediately convinced that they were not 
specifically distinct from shells now common in our own seas, and there- 
fore felt unwilling to believe that they were of such great antiquity. 
This opinion was proved correct by an examination of the locality in 1828* 
About a mile south of the house of my kind friend, Mr. Stickney, of 
Eidgemont, near Hedon, is a large excavation, from which gravel has 
been obtained for the neighbouring roads* The highest point of the hill 
in which the excavation is made, is 36 feet above the adjacent marhsland, 
which Mr. S, informs me is 5 feet below the level of high water at spring 
tide; and the pit is sunk down to the level of the marshes* Sand, 
pebbles, and marine shells of comparatively recent, and water-worn 
fossils of more ancient date, are here mixed together, in confused and 
irregular layers. The pebbles and fossUs may he clearly identified with 
the ChaUc and Flint of the Wolds, the Lias and Oolite of the coast near 
Whitby, the Magnesian limestone near Sunderland, the Coal and Lime- 
stone series of western Yorkshire, as well as the ** Grauwacke " and other 
slate-rocks, with porphyry, granite, &c,, of Cumberland and West- 
moreland. 

Amidst this heterogeneous mass, which indicates such various and 
violent currents of water, it is remarkable that we find many rather deli- 
cate marine shells in tolerable perfection. Besides the strong sheDs of 
Turbo littoreuB^ Purpura lapillug^ and Bucclnum ufidainmt we have My a 
mrenuria, Tellma aolidula and T. tentm^ Macira mbiruncata?^ Cardmm 
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edule^ and a shell which, in an imperfect state, appeared to be Crasmnn 
Scotica^ bnt is certainly of a different gonus*. The shells are most abun- 
dant along particular layers in the gravel The mass descends to a great 
depth, and is found beneath the adjacent marshland, which consists of 
fine clay, lying upon peat and trees, and is part of an extended level 
tract reaching from the Humber, near Pattrington, almost to the sea, at 
Sandley mere. It seems to have been at some former period a channel 
for some vast volume of water ; for it winds as other valleys do, and the 
gravel hiUs which bound it are abrupt on the concave side, and slope 
gently down on the othOT. 

In the cliffs against the Humber, at Paghill, very similar phenomena are 
observed. The gravel and sand are here remarkably contorted, and inter- 
mixed with alternating layers of a sediment much like warp. The shells 
are of the same kinds as in the pit near Ridgemont, in similar disorder, 
and equally plentiful. The pebbles and fossils mixed with them are also 
very sinular ; but the masses are generally very small, and flint is more 
abundant — a circumstance probably depending on the proximity of the 
Chalk Wolds, 

Sinee these observations were written {in 1828) the spot has been 
revisited by Mr. Prestwich and other geologists, and more detailed hsts 
of the shells have been published. When the sections of the coast come 
to be considered, this interesting deposit will derive some illustration 
from other examples of shell-deposits connected with the boulder-clays 
and gravels. 

Postglacial Deposits, Alluvium, — The alterations in the form of 
land occasioned by ice-action and water-force during the Glacial period 
must have been considerable, but not such as greatly to alter the main 
features of the physical geography of Yorkshire, The operation of natural 
causes since that period deserves to be maturely considered ; for these 
have materially changed the local aspect of the region. The lakes, which 



* It is DOW known as Ct^rena Jtuminali*. 
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were left on the last retiring of the sea, appear to have been continually 
diminished in depth and contracted in extent by deposits of vegetable 
matter, accumulated shells^ and sediment brought into them by land- 
floods. In this manner many inland lakes have been extinguished m 
Holdemess ; and nothing remains to denote their former existence but 
the deposits by which they have been filled. The earliest observers of 
this coast bestowed very Kttle attention on the lacustrine deposits, which 
appear so frequently on the diffs and exhibit so convincingly the proof 
of long-elapsed time since the date of the fundamental boulder formation. 
To amend, in some degree, this defect, I propose to enumerate and 
describe them pretty minutely in my observations on the section ; but 
it will be desirable to sketch a general outline of their characters here, 
and to put them in comparison with the contemporaneous marine depo- 
sits, which are so remarkable on the shores of the Humber- 

AH the lacustrine deposits containing peat which I have inspected in 
Holdemess agree in this general fact, that the peat does not rest imme- 
diately upon the boulder formation beneath, but is separated from it by 
at least one layer of sediment, which is seldom without freshwater shells. 
The peat is generally confined to a single layer ; and sheUs are seldom 
found above it. Supposing that all the varieties which I have witnessed 
in different places existed togetherj the section would be n^rly in the 
following general terms : — 

1. day, generally of a blue colour and fine texture* 

2. Peat, \rith various roots and plants, and, in large deposits^ containing abundance 

of trees, nutSj antlers of deer, bones of oxen^ &c. 

3. Clay of different colours^ with freshwater LirmitBiE. 
4* Peatj as above. 

5* Clay, with fireahwater CydadtM &c. and blue phosphate of iron, 

6, Shaly curled bituminous clay, 

7* Sandy coarse laminated clay, filling hoUowB in the diluvial farmatioii. 

Of these the most constant beds appear to be Nos, 1, 2, and 5 ; and in 
general these constitute the whole deposit. In different places the layers 
exhibit much diversity of colour, consistence, and thickness. The peat 
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varies in its tMckness from five feet to less tUaai as many inches, and its 
eonstituent parts seem not the same : in a few instances there are no 
shells in the lower clay ; and when they do occur they are sometimes of 
different kinds ; Cyclades and Paludinae are most plentiful- Anodous 
occur in it at Owthorne, Hornsea, and Skipsea ; but I did not find them 
elsewhere* 



The trees and shrubs found in the peaty tracts near Hull, Beverley^ 
and Hornsea are all of species now growing in neighbouring parts of 
Yorkshirei though some of them are but rarely seen in the *' Isles of 
Holdemess/* except in plantations. They have been in most cases 
displaced, but not removed far from their original site; they are laid 
prostrate, in some confusion, as if they had fallen through decay, or been 
overthrown by wind from the S.W. In a remarkable example which 
was laid open by cutting a deep drain in Waghen Een, near Beverley, 
yews, birches, oaks, firs, alders, and hazels, with nuts, acorns, and land- 
sheUsj were found lying one over another in extensive layers, the sorts of 
trees so far distinct as to indicate successive deposition. Yew-trees were 
at the bottom, oaks, alders, and hazels were above, and on the surface 
were old stumps of Scotch fir in attitude of growth. Yew-trees are not, I 
believe, known in Holderness as native trees ; one might rather look for 
them amidst the wolds, or on the cliffs of limestone at Roche Abbey, 
than in marshy ground so near to the sea. Yet it is conceivable that in 
former times, when Holderness extended some miles further to the east, 
a grove of yews may have lived in Waghen Fen, as now they do in a 
peaty tract near Eossington Bridge*. 

The quadrupedal remains which have been found in this lacustrine 
formation belong principally to deer. Bones of oxen likewise occur in 
it. Of deer at least three species have been discovered in the postglacial 
peat and clay of Yorkshire. The great Irish elk (C. gigmiteus) has been 
found at Skipsea and near Wetherby ; the red deer ( C. elapkm) is common 
in many situations ; and a species of the size of the fallow deer (C dama) 

♦ PhillipSf ** 0^ the Ancient and Portly-bmicd Forests of HoldemeBa/* PhilosopluGal Maga- 
line, 1834. 
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is reported from Hatfield Chace. A doubtfal skull {found at Owthorne), 
in the possession of the Yorkshire Philosophical Society, has some resem* 
blance to the cranium of the chamois. 

The extensiye accumulations of peat and trees along the shores of the 
Humber and its trihutary rivers happened, probably, at the same period 
of time as those which have contributed to filJ up the ancient lakes of 
Holdemess- This is inferred, with great probability of truth, from the 
position of the peat with respect to the boulder-clay and pebbles; for 
wherever these occur together, the former is invariably uppermost. The 
opinion of the peat extending under the whole district of Holdemess, 
was probably founded on the very considerable depth at which it is, in 
some places, buried under sediment deposited by the sea. But this sUt, 
accumulated by the action of the tide, which composes the surface of the 
level land in Holdemess, may be easily distinguished from the more 
ancient aggregations of clay, sand, and pebbles which belong to the 
glacial formation. No freshwater shells, nor any such alternations of 
argillaceous marls as those which lie in the site of former lakes, accom- 
pany the peat deposit of the marshlands ; but it is covered by a marine 
deposit of silt and clay, such as now drops from the muddy waters of the 
Humber, and occasionally yields a few littoral shells, as Tellina tenuis. 
The depth of this covering is in some instances not less than thirty feet ; 
and the peat lies below the low- water mark- Under what circumstances 
it was collected together, unless changes of the relative levels of land and 
sea be allowed, it is not easy to conjecture. That at the time of its 
aggregation the s^i flowed up the channel of the Humber appears pro- 
bable, because the first deposits which cover it are of the same kind as 
those now di-opped by the tide ; that its formation happened soon after 
the glacial era, may be inferred from the fact that it rests almost imme- 
diately upon the diluvial detritus ; that some remarkable general agency, 
possibly a great land-flood, was concerned in the production of the phe- 
nomena, is evident from the extent of the vegetable accumulation. 

The following statement of substances, found in sinking a well at the 
Block-house mill, on the east side of the town of Hull, derived from two 
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accounts communicated at different times by my friends, will show what 
are the accompaniments of this remarkable layer of peat in Holder- 
ness: — 



Alluvial deposit. < 



feet 

SoU 1 

Qay 6 

Silt sand 23 ^ 

Moor or peat^ with large 
trees &c 2 



feet. 



82 



iBlue clay . 
Qnicluaiid 
Chalk . . 





ft. 


in. 


. . . 1 


61 




22 


6 




12 







, 26 


0) 



^ Mixed with chalk fragments^ 1 
carbonized wood^ fee. . . J 



62 



16 



Total depth 110 

In Ottringham Marsh the layer of peat, one yard thick, was found 
forty-one yards beneath the surface ; thirty-six yards of various diluvial 
matter lay beneath ; and the chalk was found at the depth of seventy- 
eight yards. 



These accounts are interesting in another point of view ; for, by means 
of th^n, we can determine correctly the dip or inclination of the chalk. 
The nearest situations where this stratum sinks below the marshland 
are at Hessle and Cottingham. The distance between Hessle and the 
Block-house mill, in a straight line, is between four and five miles ; and 
as the upper plane of the chalk was found in the latter instance ninety- 
four feet deep, whilst at the former point it appears at the surface, the 
dip towards the east is twenty feet per mile. The distance from Hessle 
to Ottringham marsh b nearly fourteen miles, and the inclination 
234 feet, or sixteen feet per mile. If this moderate decluiation be con- 
stant, the chalk rock may be reached by wells in many parts of Holder- 
ness, and thus, as in similar districts of Lincolnshire, unfailing supplies 
of water be obtained. 
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CHAPTER VIIL 

THE YORKSHIBE COAST, PROM SPUEN POINT TO BRTDLINGTON. 

Bepore entering on a particular description of aU tbe cliffs on the sea- 
coast of Yorkshire, it seems necessary to give a general explanation of 
the section which is drawn to represent them ; for tlm is not a hasty 
sketch, designed merc^lj to give a rude notion of the height and stratifi- 
cation of the cliffs, but carefully constructed from many and repeated 
measurements. It was originally drawn on a much larger size than it 
would have been practicable to publish ; but it is hoped the scale here 
adopted wUl be found at once sufficient and convenient, A mile in 
length of the coast, allowing for its principal flexures, occupies in the 
section 1^ inch ; and 400 feet of altitude are represented by 1 inch. 
This is quite sufficient to allow of expressing aU details necessary to 
a proper exhibition of the principal strata, in their relative order and 
thickness. Wherever the natiu-e of the subject requires it, enlarged 
drawings are added, with proper marks of reference to their place in 
the general section. For this purpose, the junctions of rocks have 
been very carefully studied and (x>pied on the spot, and all their 
minuter peculiarities recorded. Upwards of fifty such detailed sections 
have been drawn, but it has not been deemed requisite to engrave so 
many. Such of them have, therefore, been selected as seemed to be 
most illustrative ; and these, with the accompanying explanations, wilU 
it is hoped* be found sufficient to give an accurate knowledge of the 
coast. 



The heights of the cliffs are represented above the level of high water 
at spring tide, because this is, upon the whole, the most convenient line 
that can be referred to ; and though it is too variable to serve for the 
rigorous deteromiation of altitude by graduated instruments, it will be 
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found accurate enough for geological purposes*. The tides rise on this 
coast about 15 or 18 feet ; and as they very generally lay up much sand 
at the foot of the cliffs, and as at this level we commonly find much 
dibris accumulated* it seemed, upon the whole, better, except in a few 
instances, to confine the colouring to the level of high water. The letters 
placed on the sections of the Holderness coast are referred to in the text. 
It remains to state that the following description is in every particidar 
original ; and was mostly executed on the spot. 



Spumn Poi^t. 

The southernmost part of the coast of Yorkshire is a low peninsula of 
gravel and sand, accumulated by the sea and the wind, and laid in its 
peculiar forms by the united action of currents from the sea and the 
H umber. The materials which fall from the wasting cliffs between 
Bridlington and Kilnsea are sorted by the tide accortling to their weight 
and magnitude; the pebbles are strewed upon the shore, beneath the 
precipice from which they fell ; the sand is driven along and accumu- 
lated in little bays and recesses ; whUst the Lighter particles of clay are 
transported away to the south, making muddy water, and finally settie 
an the growing boundary of Lincolnshire, or enter the great estuary of 
the Humber, to enrich the level lands under the denomination of warp< 
The sand and pebbles, which were at first deposited near the place where 
they fell, are afterwards removed further and further south by the tide, 
and the cliffs are left exposed to fresh destruction. Thus the whole shore 
is in motion, every cliff is hastening to its faU, the parishes are contracted, 
the churches washed away, and not unreasonable fears are entertained 



• Ttoao heights were detenniued entkeij by barometrical methods, oft-en repeated, to over- 
fioma the apeci&l difficulties which oceur to measures of thla kind on a steep aea-coast with 
strong currents of wind ; many of the points whose elevations were determined by me^ have been 
iinoe subjected i^ exact levelling by the Ordnance Survey* Wbere the differences by these dif- 
ferent methods appear considerable they will be noticed. 
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that at some time the waters of the ocean and the Hum her may join 
across Holderness, and the Spurn become an island. At present^ however, 
the isthmus, though continually disturbed at the edges, stands firm round 
the PharoSj and though composed only of a heap of pebbles and sand, 
and exposed to two strong currents, may, perhaps, be little changed for 
ages to come : such is the efficacy of long equal slopes and a pebbly sand 
in repelling the rage of the sea. 

Among innumerable pebbles derived from the wasted cliffs of Holder- 
nessj which are here thrown up by the sea, at Spurn, we observe : — diallage 
rock, mica-slate with garnets, and a gr^t variety of diorites, greenstones, 
and porphyries, which have been vaguely referred to Scotland, and per- 
haps Norway ; much granite from Shap fell, syenite from Carrock fell, 
breccia from Kirby Stephen, and other Cumbrian rocks ; limestone and 
sandstone from the western part of Yorkshire ; and Lias fossils from the 
neighbourhood of Whitby* 

From Spurn Point to Kilnsea the shore is very low, and, being com- 
posed only of gravel and sand, presents little that requires remark. The 
ruins of Kilnsea Chui-ch stand upon a low perishing cliff, of very pCK^uliar 
composition. Not a single pebble is to be seen in it, but the whole height 
is a mass of loam or warp, disposed in regular laminse, whose parallel 
surfaces are undulated like the broadest ripple-marks on a level sand. 
In Plate XXI, (A) is a sketch to show the peculiar arrangement of these 
undulations; and it must be noticed that, in the sharper curves, the 
laminse are separated a little from each other (a). 

This deposit has so different an aspect from the usual apprarance of 
the drift-clay in the cliffs of Holdemess, that it might rather seem of quite 
a different origin, the result of some intermittent overflows of the sea at 
a higher level than it now attains except in storms, We shall find further 
opportunities of examining this question when we come to mention 
similar phenomena near Bridlington. 

Prom Kilnsea to where the road goes from the shore to Easington, the 
coast is an extended beach of pebbles and sand, which opposes a low 
barrier to the union of the sea and the 11 umber; but from this point 
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cliffs arise, higher and higher, till they reach Dimlington height, which is 
the loftiest point in Holderness. The beacon hero appears about 139 feet 
above high water i and the whole cliff is composed of clay with stones scat- 
tered through it, and interlaminations of small seams of gravel, jdelding 
water. Here the wasteful action of the sea is very conspicuous : the sand 
and pebbles being removed from the base of the cliflfe by the southward 
set of the tide, vast masses are undermined, and faO in wild and ruinous 
heaps ; these, as they gradually reach the base, are washed away, and the 
process of destruction is repeated. 

In my early examination of this great mass of drifted materials^ I re- 
marked a difference of colour between the upper and lower parts of the 
clay< The upper clay, which forms the greater part of the " diluvial " 
cUffs on the whole Yorkshire coast, is of a brown or purplish hue, often with 
blue surfaces to the fissiures; the lower part, which appears at intervals 
along the coast from Bimlington to Mappleton, is of a decided blue tint*. 
Recently Mr. Searles Wood, jun.^ and Mr, Rome have described these as 
two distinct boulder-clays of different geological age, and often separated 
by a band of gravel and sandf* And at the base of Dimlington cliff, 
Mr, Leonard Lyell has discovered a sandy layer witli plenty of Nucula 
Cobboldi^i a shell often regarded as characteristic of the Suffolk Crag. 
Two other examples of shelly deposits in connexion with the glacial drift 
mil come under notice as we proceed, and furnish further data for dis- 
cussion as to their age and relation to the Crag and later deposits. 



From Dimlington height the cliffs descend to Out-Newton, where they 
are about 30 feet high. In this part we remark a good deal of gravel 
deposited in layers, chiefly above, but sometimes in the midst of the clay. 
The most remarkable appearance of this kind is represented in the 
sketch (B), Plate XXI. Here, near the surface, is a mass of sand and 
small gravel, 5 feet thick, in irregular layers, resting upon a bed of coarse 
gravel, 4 feet thick \ below this comes a layer, 4 feet thick, of sand and 
small gravel, in highly inclined layers ; still lower, a repetition of the 
coarse gravel, 5 feet thick, and a third series of obliquely laminated 
sand, the whole resting upon the blue stone-spotted clay, the lowest 



• M8. Notes, 1828, 



t Prof. of GeoL Soc. 1868. 
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gkcial deposit in Holdemess. Near this place (further north) we ohserve 
a quantity of gravel in irregular layers, poured, as it were, into a cavity 
in the pebbly clay, which desc4*nds below low-water markj and indicates 
local excavation by currents before the deposition of the gravel and sand. 
Pale lacustrine marls appear obscurely above. The diagram which repre- 
Bents this occurrence is taken from my Note-book, 1826, 

Graml'dfpmt in a MUw of BouUler^da^j 1826, 
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1. Pil« c?kj, 2. Tellowiih ttind &nd gfftfe). 3. Blue botil^er-cbj» with taHdup fltonci imbedded. 

Between Out-Newton and Holympton we are surprised by the appear- 
ance of a distinctly freshwater deposit of marly clay on the top of the 
cliff, about 20 feet above high water. As many of these interesting 
deposits will claim our attention, I shall be obliged to restrict my descrijv 
tion to those which exhibit the most important characters, and to barely 
notice others of minor interest. We shall therefore proceed about half 
a mile further, to about opposite Holympton, where the clifis are lower 
and a more extended lacxistrine deposit appears in a hollow of the dilu- 
vium. The length of this deposit is about 200 yards, and its extreme 

LafiiStrifU dtponit af Htd^mptont in a holkm of Boulder-da^, 1826, 




height above the sea about 10 feet. It rests in a hollow of the pebbly 
clay, which abounds along the shore, and consists, imder the thin brown 
soU, of seven distinct layers of clay, the lowest of which contains Cyelades 
and Tmludina teniacutaia, and the lowest but one roots of plants but no 
peat. The layers are thus arranged : — 

Lacustrine deponL — Brown soil. Bluish bed of argillaceous mart Shaly clay, 
changing upwards to white cky-marL Shaly bed of clay. Blue and browD clay-marl. 
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Black marl, with plant-roots. Grej marl, with Cyclades and Paludin^, which inha- 
bited the lake. Diluvial clay, with pebbles of quartz, slate, and greenstone. 

Beyond Holympton the cliff, though still low, rises a little toward 
Owthome, and displays, in little hollows, two other deposits of laminated 
clay* indicating the sites of ancient lakes. Of these, the southern is 
twelve yards across, the other^ near Withernsea, one hundred yards. 

Between Withernsea and Owthorne the pebbly clay sinks very mnchj 
even beneath low -water mark, and the shore is maintained by the broken 
edges of a i*emarkable lacustrine formation. The mere or lake, under 
whose waters, in ancient times, tlie clay-beds and accumulations of peat 
and trees were here laid in a regular series, is still represented by a little 
reedy flat^ partly covered by drifted sand* It has been conjectured that 
this little flat is a continuation of the winding level in which the Wine- 
stead drain is excavated, and that in this direction the sea once joined 
the Humber. But it appears to me that this ancient lake was never 
connected with the Winestead level, but poured its waters into the sea, 
under the protection of cliffe which are no longer in existence. The sea- 
line, at low-water, now crosses the middle of the ancient lake, and washes 
the deposits which happened within it. At the bottom, immediately upon 
the pebbly diluvial clay, we find some blue lacustrine clay, containing 
small specimens of Anodon afmtimis \ above this lies a vast quantity of 
peaty matter fidl of hazel-nuts and branches of trees ; more rarely the 
bones of terrestrial animals occur, especially of the stag. Specimens of 
these interestiug remains have been presented to the Museum of the 
Yorkshire Philosophical Society by the Rev, C. Sykes, Mr. Salmond, and 
Mr, Backhouse, This deposit ends towards the north, near the little 

Fiat* and ShcU^depomi abave B^tdder-cla^^ 1826, between Withernsia and Owthot-ns, 



L Blown land. 2. Peat^ branchaa of trees, &c, 3. Blue day, with Anodon, 4, Brown dsj utid tU^act. 5. 
Blue elay vtid stonefl (Xotc^book, 18261. 
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projecting cliff, which was all that remained of the churchyard of 
Owthorne in 1828, the church having been some time washed away and 
the churchyard so rapidly wasted that all the gravestones had been 
removed (1828)*, The buried bones of former generationSj whicli were 
seen projecting from the crumbling cliffj had a singular appearance, and, 
combined with the falling of the cliff and the roar of the destroying 
waves, tilled the contemplative mind with solemn and awful reflections. 

The cliffs at Withernsea, composed of reddish-brown clay, are stained 
blue in the fissures by descending rain-water, Nmnerous fragments of 
stone of small size lie scattered in the clay, mostly worn at the angles, in 
extreme cases reduced to pebbles. Among them we recognize : — pieces of 
hard chalk, sometimes very little worn, as much as 7 inches across ; flint 
fragments, jet, oolitic and liassic stones and fossils, especially Gryphma 
imurva^ Ammonites, and Belemnites (the origin of these masses is cer- 
tainly from the neighbouring north) ; sandstone of red, yellow, and grey 
tints, hard **Grauwacke" like that of the Lammermuir, 6 inches across, 
gneiss, granite, purple and green slates, flinty slate, quartzite, &c,| quartz, 
jasper, felspathic porphyry, amygdaloid, aphanite (for which the most 
probable local origin is toward the north-west, but not exclusively the 
Cumbrian mountains) ; Carboniferous limestone with Prod uctaB and Corals, 
coal, ironstone, and sandstone of the Coal*measures with Stiffmarm 
(which seem to be drifts from the north-western parts of TorkshirG). I 
saw no Shap granite, no gneiss, no mica-schist. What natural operations 
could bring these fragments together? by what agency could they be 
dispersed irregularly in this mass of clay ? We must pause and examine 
other cliffs before attempting to reply. Magnetic ironsand occurs in 
plenty on the shore north of the esplanade of Withemsea, 

Between Owthorne and Sandley Mere the cliff attains an elevation of 
35 feet, and is composed of brown and blue clay, with various pebbles, 

• Oa my first visit to Owthorne (1826) two gravefitones remained in the wasted charoli jraid : 
on one was an inscription containing the line, '* I must lie here till Christ appear;** in 1872 the 
whole is changed to a promenade, whicli extetids across and conceals the kens trine deposit and 
unites the bonndajy cliffs for the convenience of the numerons visitori to what waa formerly one 
of the lonelier irpots in Holdemeas* 
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elialkf coal, &c., scattered through it* Two hundred yards south of 
Sandley Mere is a layer of gravel in the clay, which produces a copious 
spring (F, Plate XV.). Wells sunk in the diluvial tracts of Holdemess 
seldom fail to produce water when they touch a bed of gravel. 

Sandley Mere, as its name implies, was formerly a lake ; it is now 
(1828) a reedy flat, protected from the sea by only a broad beach of sand 
and pebbles, thrown up by the tide. Sometimes storm-swollen waves, 
rushing over this unsettled barrier, enter the ancient mere, and would 
flow down the marshy level of the Keyingham drainage, by Eooss and 
Ridgemont, to the Humber, but for an artificial bank constructed under 
the management of the Commissioners of Sewers- As at Owthorne, the 
sea now flows over a part of the ancient bed of Sandley Mere, and covers 
with sand much of its clay and peat. In this lacustrine formation the 
bones of oxen and deer, with antlers of the stag &c., have been at different 
times discovered. The boulder-clay cliffs also furnish teeth of the 
elephant in considerable plenty, which, being commonly picked up on 
the sand, are more or less worn by friction among the pebbles. It is 
remarkable that no other parts of the skeleton ai'e found here* 



The cliffs north of Sandley Mere rise gradually, and, opposite Hilston, 
are about 80 feet high. Where they reaeh the height of 69 feet, a very 
interesting deposit of freshwater clay and shells appears on the top for 
the length of 200 feet (see section G, Plate XXI,), Its thickness is 
4 feet 8 inches ; the upper 2 feet 6 inches consist of fine clay ; below are 
6 inches of peat, then 6 inches of clay perforated by roots, next 8 inches 
of clay with plenty of Limn^a stagnalk^ 2 inches of peat, and 4 inches of 
a soft yellowish earth. Beneath this deposit is the blue pebbly clay, 
which forms the mass of the cliffs. 



Beyond Hilston, as far as Grimston Garth, the cliff maintains the same 
composition, and, with some undulations, keeps the same elevation; but 
towards Ringbrough it falls, and becomes still lower beyond. Here a 
layer of gravel appears in the midst of the clay* Opposite East Newton 
the cliff is, at the utmost, 67 feet high, but between this and Bunker's 
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Hill it falls to 40 feotj and is coTeretl by freshwater deposits of clay with 
blue phosphate of ii^on, peat, and curled black shale (H in Plate XXI.)- 
The peat has produced abundance of hazel-nuts. Bunker's Hill^ which 
is on the north, is 79 feet high ; from hence the cliff preserves, by Great 
Cowton and Slappleton, a nearly uniform height of 60 feet, till it sinks to 
the wide hollow opposite Hornsea. The general base of this whole cliff 
is the same blue and brown diluvial pebbly clay ; and the only change in 
its appearance which strikes the attention is a more abundant diffusion of 
chalk-pebbles in the northern part. It is almost invariably the case that 
the blue part of this clay is at the bottom^ and the brox^ii above ; but the 
joints of the brown variety are very often stained blue, apparently by 
water passing down them. At Great Cowton a quantity of gravel lies 
above the brown clay ; and in going along the shore, beyond Mappleton, 
I observed four separate freshwater deposits on the top of the cUff, and in 
the middle of the clay a continuous seam of gravel. Similar appearances 
continue to Hornsea. 

The streams which pass by Hornsea falJ into the sea through a wide 
depression of the cliffs, called Hornsea Gap, The weU-knoTm lake called 
Hornsea Merc is one of the few sheets of water now remaining in Holder- 
ness, of the many which once existed there, A^en, if ever, in future 
ages the wasting action of the sea shall have extended inland so far as to 
reach and empty this lake, its bed, partly uncovered at low water, will 
resemble the bottoms of Owthorne and Sandley meres. 



On this point no doubt will remain in the mind of the observer who 
may have the good fortune which befell me this year (July 1872) of 
seeing the plant and shell-beds, which correspond to many so-called 
•* submarine forests/' well exposed at low water of spring tides for a length 
of 300 or 400 yards, at a distance of 50 to 200 yards from the gravelly 
cliffs of Hornsea, The map which follows will give a fair idea of the re- 
lative situation of Hornsea Mere, with its discharge opening through 
Hornsea Gap, and the continuation of the ancient line of drainage through 
the lacustrine deposit of shelly clays, with drifted plants and wood, which 
occupied the bed of an ancient mere, on the line of postglacial drain* 

l2 
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age from the existing lake. The drainage appears to have turned north- 
eastward after passing Hornsea G^p, and to have met the sea fiar to the 
eastward of the present line of cliflEs. 

Mofp of a Pari ofihe Coast at Hornsea (1872). 



t 








The deposits of this ancient mere present the following section — ^the 
beds being perfectly traced and measured in consequence of a gentle dip 
seaward, which indicates that we are looking at the landward side of the 
old lake : — 

BxiJtmarvM Plant- and Shdl-beds at Hornsea (1872). 



low water. 




These freshwater deposits, taken in the order given above, downward^ 
may be thus described : — 
fK Blue day-bed^ 2 oi: 8 feet; at its base a layer of plants with small peb- 
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bles. In it roots and steins and a remarkable straight piece of fir 
wood, smoothed to a tapering elliptical section, 5 feet long, was found 
in the day. It was perforated by boring sheUs, and marked at one 
point by blue phosphate of iron ; a lump of iron-pyrites was found, 
but no fabricated iron was seen. A portion of the wood was taken as 
a specimen to the Oxford Museum. 

/^. Brown clay-bed, 1 to 3 feet, unequal ; in it shells of Anodon are common, 

with the epidermis preserved. ^ ^ 

f^. Laminated plant-bed, occasionally peaty 0to3 

/^. Cyclas-mBxh, of pale brown tint, mixed with/^. Small Paludina occur 

in abundance 4 to 12 

/K Peat and black root-bed of irr^ular thickness and interrupted extent . to 6 

Beneath, c, are the usual red-brown clay and pebbles without any intervening 

gravel or sand. 

Looking up from this deposit, effected when the land of Holdemess ex- 
tended much further to the east, we behold at a higher level in the cliff 
other fi-eshwater deposits of earlier date, lying over some and below other 
bands of the gravel which rests on the brown boulder-clay. The section 
is well exhibited, in a part of the cliff which has escaped the improve- 
ment of being scarped to a smooth slope and traversed by a path to the 
sea. Very possibly in a few years the curious appearances represented in 
the following two diagrams may be obliterated by further changes for 
the pleasure of bathers, but to the regret of geologists. 

Secdan of the Coast at Hornsea looking to the North (1872). 




8. Sandj and pebblj beacb. 
£. Submarine LBCiutrine beds, 
g". Gravel and sand of yeUow tint, wbich partiallj alternates witb tbe freshwater marls below. 
L Laminated pale marls or clays, sandy above, and alternating with the gravel, shelly toward the bottom, with 

erashed layers of Chora and a thin Uack peaty streak. Thin blue day at tibe bottom, which rests on gravel, 
g'. Irregular deposit of yellowish gravel, mostly small, with much sand and some thin limited bands of " warp." 

In one place rather larger stones than usual lie in an interrupted band on the clav. 

b. firown clay, " pipy," not Uminated, analogous to the " seat earth of a coal-bed." No shells. 

c. Stone-spottod boulder-clay, of a reddish-lvown tint, irregular on its upper surface, and holding in placet 

laminated beds of silt or " warp,'' marked w. 
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The complicated structures represented in the section below were traced 
with much care^ under favourable circumstances, which allowed me to see 
clearljr the digitated partial alternation of the upper lacustrine layer (I) 
with bands* of the covering gravel (g^^) and the limited patches of gravel 
enclosed in the lacustrine beds. These, generally speaking, rested con- 
formably on lower and more continuous gravel and sand, and were most 
shelly and characeous near the bottom. But in one place (6) brown clay 

Shtieh ofthi Oliff {about Ibfett high) mar the Marine HoUl^ Hormm (1872), 



^ij^;::;;'.;5^^ 



^c^^T^^^^^^:^ilis2:ii^ 
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Intervenes, and is traversed by pipes marking the growth on it of some 
aquatic plants — a limited lacustrine sediment, in which no shells were found. 
In the gravel below {g^) are several interposed bands of warp without shells ; 
the lower surface follows the irregular swellings of the boulder-clay, which 
also has warp-beds {w) of considerable thickness in it, best seen toward 
the southern part of the cliff near the Marine HotcL These laminated 
sandy deposits mark intervals in the accumulation of the drifts and may 
be expected to yield marine shells ; but I found none. 

The appearance of the cliff at this part of the coast has been some- 
what altered since June 1828, when the following brief description was 
made on the spot* 

North of Hornsea Gap, where a little gully divides the cliff, which is 
about 15 feet high, we observ^e a small lacustrine deposit, 30 yards longj 
consisting of the follo^^ing series, beginning at the surface : — 

Lacustrine depmiL — Brown clay and soiL Peaty earth* Brownish marU White 
marl and sheUsj aud plant roots. Beueath is gravelj resting on pebbly clay. 



It is in fact changing from year to year by the operations of nature, which 
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tend to remove, and the constructions of engineers, which, often in vain, 
attempt to preserve ; so great is the rage of the sea. The Rev. J. L. Rome 
observed, a few years since, at the base of the cliffs immediately north of 
the Marine Hotel, in addition to beds of loam intercalated in and false- 
bedded with the gravely a loam-bed 6 feet thick occurring beneath the 
gravel, containing freshwater mollusca in great abundance. According 
to a sketch which he had the kindness to send me, these beds were ob- 
served at two points, dipping in opposite directions, so as to indicate a 
limited basin of date earlier than the gravel-beds of that locality, which 
are regarded as of comparatively late postglacial date, the subjacent clay 
being the latest of these boulder-clays which, with Mr. Searlcs Wood, 
jnn., he thinks can be distinguished in Holderness. 

The shells mentioned by these authors* as found at the Hornsea-bridge 
station are Li/mnma^ Plmiorbis^ Bilhynia^ Anodofh Cycla^^ and Piaidmm. 
I found traces of these loamy beds ; but the cUff is now much concealed 
behind protective works. 

The clay cliffs near Hornsea contain chalk and flint with Belemnites 
mucronatus and B. Lkteriy Ammonites and other fossils from the lias of 
Whitby, magnesian limestone from near Sunderland, coal, sandstone, 
and mountain-limestone from the west of Yorkshire, old red conglo- 
merate, grauwacke, syenite with magnetic iron-ore, quartz, septariate 
ironstone, &c. Teeth of the mammoth likewise occur on the shore, de- 
rived from some fallen cliffy 

At a short distance to the northward (marked I. in the section, 
Plate XVI,), the cliff is 20 feet high, and exhibits frequent alternations 
of gravel and clay, in a more regular order than is usually observed- 
Beginning at the svirface, we have : — 

L Yellow and white small gravel of chalk and flint. 

3. Brown clay, with very tmall fragments of chalk, flint, liaSj magaesian limej 
porphyry^ &c. 



• Quart. Journ. GeoL 8oc, vol* xxiv, p, 154, 
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3. As No. 1. 

4. Layers of irony sand. 

5. As Nos. 3 and 1. 

6. As No. 2. 

7. As Nos. 5, 3, and 1. 

8. The general base of the cliff is blue clay and pebbles^ among which chalk frag- 

ments are frequent — a '' chalk-spotted " clay. 

Hence the cliff rises gradually, and before we arrive at Atwick it has 
attained the height of 40 feet. Here a little gully divides the whole cliff, 
and crosses a freshwater deposit 100 yards in length (K, Plate XVI.). 
This consists of bluish and yellowish clay above, and whiter clay with 
shells beneath, resting on pebbly clay. Opposite Atwick is another such 
deposit 50 yards in length. At this place an elephant's tusk was 
found of extraordinary dimensions ; it is preserved in the collection of 
Dr. Alderson, at HuU. The beacon on Skirlington Hill, the highest 
point of the coast between Hornsea and Skipsea, is almost 60 feet above 
high water. Hence it descends gradually northward ; and at a height of 
40 feet we observe a freshwater deposit 10 yards in length. Further on 
the pebbly clay sinks below the level of high water, and forms a wide 
hollow, in which is an extensive and interesting lacustrine deposit (L, 

General Appearance of the Peat'deposit at SIcipsca. 




Sowth 



Shelly days underlie the peat ; but near the north end, at *, the peat touches the boulder-day for a space. 

Plate XVI. & Plate XXI.). Its length is about a quarter of a mile ; its 
extreme elevation above high water, at the south extremity, is 12 feet, 
but in the middle only 4 or 5 feet. The series of depositions from fresh 
water is as follows : — 

Peat, with roots^ branches^ and hazel-nuts : its utmost thickness is 7 feet; where 
this happens the lower 4 feet 6 inches are solid^ and break like clay ; the upper part is 
then fibrous. YeUowish clay, full of Bithynia tentaculata, Cyclas cornea^ C. lacustris^ 
and a few specimens of lAmtuea staffnalis; this is seen only on the southern side of the 
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hollow. Blue clay, full of Ctfdades ; here is some phosphate of iron j this rests upon 
gravelj under which is blue or browiL boulder-clay^ 

In this deposit an old man, who was employed in collecting grayel, 
accidentally discovered the head and antlers of Cervus megaceroSy whose 
remains abound in the bogs of Ireland and the Isle of Man. Sub- 
sequently the lower jaw was discorered by the researches of Mr, Arthur 
Strickland. The antlers are a little larger than in the fine specimen 
in the Dublin Museum, described by Mr. Hart — measuring 11 feet 
4 inches by the circuit, and 6 feet 8 inches between their tips ; and there 
is a peculiarity in the brow-antler which I have never seen in any other 
specimen: it is expanded at the end, and fitmisbed with three short 
digitations. Th& obliteration of the sutures of the cranium indicates the 
maturity of the individual, though, fipom the perfection of the teeth, it 
does not appear to have been aged* This is the second and largest speci- 
men of the gigantic elk which has been found in Yorkshire. In the 
Philosophical Transactions for 1746, Mr. T. Knowlson describes and 
figures the bead of this animal from Cowthorp, new North Deighton, 
Wetherby. The antlers were each 5 feet 1 inch long, and separated 
6 feet 1 inch at the tips. The peat-bogs and shell-marl deposits in which 
the remains of this noble extinct animal have been found in Ireland, 
Scotland, and the Isle of Man are extremely similar to the lacustrine 
accumulations of Holdemess, as may be seen by reference to Mr. Hart's 
account of the discovery of the Dublin specimen, Professor Jameson*8 
statements respecting the Edinburgh skeleton found in the Isle of Man, 
and Sir C. Lyell's remarks on the shell-marl formations in Scotland, 

Beyond Skipsea the cliff, composed as before of the pebbly clay, attains 
a height of 30 feet, but soon sinks again to an extremely low part, where, 
for half a mile in length, a freshwater deposit is seen, consisting of clay 
with shells at the bottom. Between this point and the Barmston drain 
the height does not exceed 20 feet, and is genemUy as little as 12 feet. 
Three deposits of freshwater clay appear in this space, and (at M, 
Plate XVI. & Plate 5X1.) a mass of clay in undulated laminae, which 
recalls the appearances xmder Kilnsea church. This undulated mass is 
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tinned to the edge of the harbour, and still are traceable as far as the 
artificial constructions allow. At a distance of 200 yards from these 
constructions laminated sandy loam appears on the cliflF-top, enclosing 
lenticular masses of much-rolled grayeL Below is the ordinary brown 
boulder-clay, full of rolled stoneSj and some masses of considerable size^ 
as an unrolled 2-foot block of ganister-s^t containing Stigmarm- Moun- 
tain-limestone, chalk, hard greenish slate, red porphyry, amygdaloidal 
porphyry, aphanite, yellow quartz, with chlorite, jasper, flint, ironstone, 
Old Hcd Sandstone, granite, not that of Shap, were observed. Among 
fossils were noticed Qryphma inmirva^ AmmaniteB JibulatuB. 

About 50 yards from the woodwork white shell-marls appear, and con- 
tinue with a variable thickness of 1 foot to 3 inches, A thin peaty band 
of 7 inches then sets in and separates these marls into white above and 
white and grey below. Sandy gravel, 2 to 6 feet thick, succeeds and 
rests on boulder-clay. The marls yield Cy eludes, Pisidia^ Vahatm, and 
lAmnmtE^ all small, and usually below the peaty layer. 



From the preceding description of the coast of Holdernessj it is evident 
that no formations appear there which can be considered as belonging to 
regular marine strata. Of the diluvial accumuktions, by far the most 
prevalent, that which is the base of the whole cliff, is blue and brown 
clay containing dispersed pebbles ; above this a more lo(^l deposit of 
undulated laminated clay ; and finally, gravel on the top, or mixed with 
the pebbly clay. In this formation lie the teeth and tusks of the mam- 
moth, and abundance of water-worn fossil shells, derived from neigh- 
bouring and remote districts. Resting on these diluvial beds, we find 
the deposits of later, more quiet, more contracted waters. Lakes, which 
existed in hollows of the ocean-worn surface, have been slowly filled up 
by clay-marl, shells, and peat, subsiding from their waters, and either 
drained by the industry of man, or emptied by the approaches of the se^. 
The shells which occur in these clay-beds belong to freshwater species 
now living ; they lie almost invariably at the bottom of the bed of the 

M 2 
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lake, and are cohered by several feet of elay and peat without sheila — a 
circumstance which seems to warrant the supposition that the upper 
layers of sediment and peat were produced in some short period of time, 
in consequence, perhaps, of land-floods. 

In these deposits lie the skeletons of postdiluvian animals — the great 
extinct elk, the red deer, the fallow deer, and the ox, with trees and 
fruits which grew in the forests they frequented. In more than twenty 
examples on the coast south of Bridlington, it may be clearly seen that 
the lacustrine deposits rest upon the diluvial accumulations, but are not 
themselves covered by any other deposit* It is a mistake, therefore, to 
imagine the skeletons of deer, and the peat and trees constituting the 
'* subterranean forest" of Holdemess, to he of the preglacial era. The 
shells, bones, and trees belong, with a single exception, to species now in 
existence in this island ; the deposits wluch enclose them are evidently 
the most recent in the country, and differ in no important particulars 
from the peat- and marl-bogs of Scotland and Ireland, whose accumu* 
lation is not yet ended. 

Beidlington Qtjat. — In addition to the phenomena already described 
in the cliffs of Holdemess, we find in the harbour, and at points to the 
north of it, some facts not elsewhere to be observed. First, it may be 
noticed that in the harbour a boring was made through the drift-deposits 
to the Chalk, which was found at a depth of 43 feet. The Chalk was 
covered by 16 feet of hard conglomerate of fragments of chalk and flint, 
and this by 28 feet, described as clay, and assumed to be the usual brown 
Boxilder-clay*, 

The conglomerate of chalk and flints appears on the cliffs at about one 
third of a mile northward from the harbour, covering the Chalk, and 
covered by boulder-clay. It would seem very probable that the same 
succession should be found in the harbour ; but it is to be regretted that 
no proof of tliis has been obtained, because, for want of this information, 
the occurrence, a little north of the harbour, of a bed of shelly sandy clay 
in contact with the ordinary pebbly drift is not completely understood, 

♦ Thia bormg let up an arfcesiaji spring of good water which fiowed and ebhed with the tide. 
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The part of the coast immediately north of the harbour, now occupied 
by pleaaure-grounds and esplanades, was formerly a rude cliffi 25 feet at 
the highest point, dangerous to houses built upon it, and much wasted 
by storms. A more conspicuous building than the rest* and projecting 
further towards the sea, was called the '* fort;'* and on the shore at the 
foot of this small prominence, we used to find a few shells which had a 
fossil aspect — especially Pholas crispata, filled with hardened sandy mud. 
But it did not occur to Mr* Bean or myself to regard these as truly ter* 
tiary, and in the earliest edition of this work they are but slightly 
mentioned. 



Tertiary beds. — One of the most important inquiries that presents 
itself to the geologist, whUst investigating the coast of Yorkshire, relates 
to the occurrence of any of the tertiary beds above the Chalk ; and 
Mr. Smith has stated, on his geological map of Yorkshire, that erag-sheUs 
occur in the neighbourhood of Patrington, These I have previously 
described, and cannot doubt that they belong to a more recent epoch. 
Professor Sedgwick, who examined the spot in 1621, descril>es appear- 
ances on the north side of the harbour at Bridlington, which he supposed 
to indicate the presence of some one of the strata above the Chalk. I 
have repeatedly searched, without success, for these beds ; but in July, 
1828, I foxmd, sixty yards north of the harbour, below the level of half- 
tide, an enormous mass of dark shaly clay, whose laminae seemed dipping 
to the south. It was several yards in length and breadth, was surrounded 
by brown pebbly clay, and contained a few fossils, amongst which were a 
peculiar Ammonite, the columnar joints of Feniacrimis Briarem^ and 
what I believe to be a form of Avumta tnwquwalnia. I was at first much 
disposed to think this a portion of a tertiary stratum, and still am alto- 
gether at a loss to explain the appearance of so enormous a mass of 
perishable clay, having the appearance of Lias, at such a distance from the 
nearest cliffs of that stratum, I ree45mmend this point for further obser- 
vation. The specimens of Fholas crhpaia washed ashore full of coherent 
sand prove nothing whatever on this subject : such dead shells are par- 
ticularly liable to be filled ^ith the matter on the bed of the sea ; and the 
only remarkable circumstance in these specimens is that the matter 
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which they contain is unusually solidified. Excepting those imperfect 
indications, I hare never heard of a single fact which would authorize a 
belief that tertiary strata exist in Yorkshire, (This was written in 1828.) 
We did not, however, cease to examine this part of the coast — on the 
14th of April, 1833, the cliff south of the ^' jetty " constructed to protect 
the Fort ; the appearances were sketched as under ; I saw no shells in any 
of the layers. 



" , '^ - ^* ** » ^ ♦ ft » » 

tal * » . - .*^ 9^ ^^ ^ ^ 



Chalky gravely and yellow sands* 

Blue pebbly clay. 
I Chalk, sand, and pebbles. 
'^ Blue pebbly clay. 



It was not till 1835^ when the second edition of my book was printed 
off, that the waste of the coast laid distinctly bare, at the foot of the cUff 
under the " fort/* the shelly sandy clays which have since acquired the 
title of the " Bridlington Crag/* 

Mr. Bean, informed of this discovery, lost no time in exploring the 
shelly bed ; and by his and other busy hands a large series of marine 
exuviae has been collected. 

As the deposit will perhaps never be seen again, it is desirable to place 
on record the few facts which have been observed in regard to its com- 
position and relation to the ordinary clay-drift. Mr. Bean (in a commu- 
nication to the Magazine of Natural History, June 1835) makes this 
statement : — 

'' Being on a geological excursion ten days ago (from March 30) in the neighbour- 
hood of Bridlington Quay^ Mr. Walter Wilson, an intelligent lapidary of that place, 
directed my attention to a deposit of fragile and broken shells which the late high tides 
had eiposed on the north side of the harbour, and near the pleasure-ground called the 
' Esplanade/ Ere I visited the place, I expected to find one of the lacustrine deposits 
80 very common on this coast. On arriving at the spotj a heterogeneous mass^ only a 
few yards long and as many high, presented itself, composed of sand, clay, marine sheUs, 
and pebbles of every description ; chalk and flint pebbles were, as might be expected^ 
most abundant, 

'^In colour and appearance this shelly mass resembles the London Clay; but the 
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fossils bore the aspect of those fouud in the Crag : the shelly bed contains a greater 
n amber of species than have been at present obtained; and much cantion will be 
requisite ere its geological relations can be truly determined* ThiiB much, hoTrevefj 
is certain^ that these abeUs are coeval with, if not of higher antiquity than the 
CrBg." 

When I reexamined the spot after this discovery, I found the shelly 
hed largely exposed, very irregular in its npper surface, covered by 
boulder-drift, and composed of dark sandy clay with small black pebbles, 
and chalk and flint fragments, mixed with a multitude of shells, many 
broken, and, except Pholades and Cifprinw, few bivalves having their 
valves together. I saw no boulder-clay beneath; upwards it seemed 
not sharply defined from the ordinary drift without shells, but yet 
distinct, so as not to pass gradually into that heterogeneous mass* 
Allowing for the rise of the chalk northwards from the harbour, and the 
height of the deposit in the cliff, we may take 40 feet for the height of 
the upper surface of these shelly clays above the Chalk, and 25 feet 
for their own thickness and that of any boulder-clay or other deposit 
which may be conjectured to occur between it and the conglomerate, 

Mr, Bean's first impression was that a large proportion of the shells 
belonged to extinct species; but the Later researches of Mr. Searles 
Wood, founded on a larger series of fossils, lead to a different conclu- 
sion. The late Mr. S- Woodward found in them indications of the 
" glacial " climate, and concluded that the Bridlington shell -bed was of 
much later geological date than the Crag. My own investigations led 
me to adopt the view that it was a shell-bed as early as tbe beginning 
of the Glacial period (possibly preglacial), which had been disturbed 
and displaced bodily by the pressure which attended the boulder-depo* 
sits, and not stratified by dispersion under ordinary watery action. This 
may be expressed by the term couche reman ide. 

North of the harbour, for some considerable distance, new constructions 
have supplanted the natural characters of the cliffs, and concealed some 
interesting facts of importance* Beyond the Alexandra Hotel several 
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freshwater deposits appear in the low cliffs to a thickness of 3 to 7 feet, 
and yield shells like those already named in the clifBs south of the 
harbour. The gravels and boulder-clay are also of the same type- The 
cliffs, gradually rising to 80 and 40 feet, lose entirely the freshwater 
bands ; and the boulder-clay, besides admitting several gravel-bands, is 
underlain by dark laminated clay. The principal phenomena are repre- 
sented in the diagram below. 







/. Preshwater deposits with shells for considerable hut interrupted spaces, north of the Alexandra HoteL 
g. Gk*aTel abore and enclosed in the boulder-day (c), undw which (at s) is dark laminated clay. 
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CHAPTER IX 

THE COAST PROM BBTDLINOTOK TO PILEY, 

No contrast can be more decided than appears between the solid^ regxdar, 
continnous strata which hare been formed by the repeated operations of 
a primeval ocean, and the mixed and irregular aggregations which mark 
the force and direction of subsequent water-currents on the surface of 
the earth. From Bridlington Pier we look southward to a long line of 
wasting cliffs formed of detritus swept from the distant regions of the 
west and north-west, and our imagination is tasked to frame conjecturcs 
on the state of the land and sea during and previous to all that violence of 
nature ; whilst noi-thward rise strata of chalk, which, if compared with some 
other formations, must be called of recent date, yet were certainly depo- 
sited and hardened, and in many places covered by several other rocks, long 
before any considerable part of the surface of the earth, in these regions 
at least, was elevated above the sea* The considerations which belong to 
the two classes of phenomena are, in several respects, wholly different ; and 
many geologists of good attainments have been content to study only one 
of them* The superficial deposits, however, must be both closely examined 
and viewed on a genei*al scale, if we desire reaUy to imveil the natural 
history of the earth. For such inquiries Holdemess affords one of the 
best examples in the British Isles. 



The beds of chalk rise to the north ; and as we pass along the shore, 
other, lower and different layers come up in succession, and expose a 
considerable number of fossils — amongst which we may notice sponges 
of many kinds commonly called Alcyonia^ and others referred by 
Mr, Mautell to his genus Ventrieulitea, Echinida of the genera Anan- 
chytes and Spatangm^ MarmpUe^ ortiatm^ and Apiocrnnm eltiptieus. 
The Marsupites are exceedingly abundant through a considerable thick- 
ness of the beds which appear towards the Danes' Dike ; but the plates 
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are generally scattered^ owing to the decay of their connecting mem- 
branes before they were imbedded. 

The Chalk makes its appearance under some peculiar circumstances* 
Kearly opposite the village of Sewerby the bottom of the brown pebbly 
clay is seen resting on a remarkable layer of what may be called chalk- 
rubble, 10 or 12 feet thick, wmposed of small fragments, which seem to 
haye been washed together and left in a rather incoherent state. This 
covers the solid chalk, which rises from beneath and ascends in the cliflF, 
which soon attains a height of 80 feet. The chalk-nibble is absent for a 
space of 80 yards, and then resumes its somewhat irregular place. 
Further on, at intervals, portions of such rubble and rolled masses of 
larger size, and occasional bands of imrolled fragments, compose an 
uncommon kind of drift. On approaching Danes' Dike this deposit 
becomes banded with boulder-clay and sands, grows in thickness to 12, 
15, 20 feet, lies unconformed on the edges of the chalk layers, and is 
clearly a local drift. Very large conglomerate blocks of this drift, with 
aphanite and sandstone pebbles, occasionally fall from a considerable 
height near Danes' Dike; and from the boulder-clay which covers it, 
large masses of sandstone, gneiss, and aphanite are extricated by decay 
of the front of the cliffs, and remain for some considerable time at the 
foot. 

The section (p. 91) represents the phenomena after my latest obser- 
vations. 



The Danes' Dike is an earthen rampart, running across the promontory 
of Flamborough from one side to the other. The southern part of this 
line follows the eastern side of a narrow and precipitous valley, which 
enters the sea between cliffs 109 feet high. At this place we obtain a 
clear proof of the high antiquity of some valleys in the solid strata ; for 
here the strata of chalk are deeply excavated beneath the mass of clay 
and gravel and sand which was swept hither during the rush of waters 
at a higher level than the modem sea. It is therefore not to be doubted 
that such hollows are at least as old as that period. The great effects 




which have been subsequently produced by the 
descent of rainsj the course of floods, or the 
bursting of lakes have not always destroyed the 
evidence of earlier atmospheric and oceanic 
action* I am acquainted with several instances 
clearly proTing that small valleys have been 
excavated by the streams which flow in them 
since the date of the glacial accumulations. 
But after examining the remainder of the sec- 
tion, and perusing the following descriptions, 
the reader will find no great reason to doubt 
that the valleys and broader hoUows which 
reach the Yorkshire coast are generally as old 
at least as the glacial era, and that their prin- 
cipal features are due to currents of water di- 
rected, in some degrw, along fractured strata 
and other lines of least resistance* 



Beyond the Danish Dike the cliff-top con- 
tinues at the same height to a little guUy, 
which descends from the village of Flam- 
borough ; but further on it rises greatly to the 
beacon, which is above 190 feet from high 
water. This great augmentation of height is 
not owing to any sudden change of dip in the 
Chalk, but to an uncommon abundance of the 
diluvial matter which covers it. Around the 
beacon are several large boulders of granite, 
greenstone, fine-grained sandstone, &c,j not 
less than three quarters of a ton in weight. 
Much clialk -rubble is mixed with the diluviimi 
of these cliffs. Descending by a rapid slope to 
the south landing-place of the Flamborough 
fishing-boats, we observe here, as at Danes' 
Dike, the clialk strata deeply excavated beneath 
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a thick cover of chali'rubble and diluvial clay. Tlie chalk-rubble and 
other gravel here is often agglutinated into solid blocks. Beyond 
the south landing-place, the cliff, gradually bending round to the west, 
attains in one place the height of 136 feet, and is mostly composed 
of solid chalk- further on, where the chalk is depressed and the 
diluvial clay thickened upon it, the cliffs are wasted by the sea in a 
very remarkable manner: broad and lofty arches appear in the pro* 
jeeting masses; caves are formed which open upwards to the day; and 
romantic islets of chalk are surrounded by the full sweU of the waves* 
These appearances continue from the first pillar, called the Matron, to 
Selwicks Bay, beneath the light-house ; and the cliffs are decidedly most 
broken where the chalk is least elevated. The light-house appears to 
stand 160 feet above the sea. Beyond Selwicks Bay layers of flint become 
very conspicuous in the chalk, and several curious indentations break the 
line of the cliffs, which are from 130 to 140 feet high between Selwicks 
Bay and the north landing-place, in one of which rise two island pin- 
nacles of chalk called the King and Queen. The north landing-place of 
the Hamborough fishermen is a little hollow or bay of rocks, vrith a 
channel for boats at low water and a gravelly beach. Here are caves in 
the depressed chalk worthy of examination by the lover of scenery and 
the geologist, 



The origin of many inland caverns in Hmestone is exceedingly obscure. 
Though water flows through many of them, and by incessant attrition 
smooths their surfaces and modifies their forms, yet, perhaps, we ought 
rather to believe that a fissure previously existing directed the course of 
the subterranean stream than that water scooped out the whole cavity- By 
the seaside it is otherwise ; the destructive action of the sea is not doubt- 
ful : the cliffs crumble before its salt vapours, and waste away under its 
furious waves ; one loosened stone beats down another ; and thus the soft 
parts are hollowed out, whilst the harder portions jut into promontories 
or stand naked in the water* If the soft parts exposed to the waves be 
enclosed in firmer matter, caves and arches are formed, which are after- 
wards liable only to slow alteration; but if these yielding materials 
extend far in a horizontal direction, the cliff undergoes rapid diminution* 
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These observations are of general application. Projecting capes and 
headlands are usually composed of firmly compacted strata, whilst bays 
and estuaries commonly present less-resisting materials. Between the 
north landing-place and a more remarkable bay to the west, the promi- 
nent cUflfe are 117 feet high, and mostly composed of chalk ; but at both 
these bays that stratum sinks low, and is covered by a vast accumulation 
of diluviumj whose unsoHd materials fall and waste away into slopes, 
which often become covered with grass, and afford a dangerous pasture 
for cattle and sheep. But on the west side of the remarkable bay before 
alluded to, the dHuYium is subject to such continual waste that it appears 
in the form of bare pinnacles resting upon the cavemed chalk.' 

The formation of these sea-shore caves is aided by the action of rains, 
which descend into fissures of the chalk, and contribute to weaken the 
upper part, while the sea wastes the lower part. At length the roof faUs 
in ; the cave becomes a sea-beaten cleft between walls of chalk, which are 
often cut across by the waves ; and then pinnacles and needles are left as 
memorials of what was solid land, "rudera longinqui sensim prseter- 
lapsi sevi/' 

From the last-mentioned point the chalk cliffs rise rapidly to Danes' 
Dike, which is 292 feet above high water, then sink again by the 
Summer-house to a point which displays the most remarkable contortion 
of the strata known on this coast* As may be seen in the section, the 
chalk^layers are here bent in sigmoidal flexures, whilst on each side they 
are perfectly horizontal. On the eastern side this horizontal direction 
changes to a rising arch, from which again the layers descend in long 
perpendiculars, to join the depressed arch which is connected with the 
horizontal layers on the western side. This remarkable confusion of 
declination occupies the whole height of the cliff (240 feet) ; but its hori- 
zontal length is smalL I could not determine what amount of dislo- 
cation is occasioned between the horizontal strata which enclose these 
contortions, nor, indeed, whether any such effect is produced. It is 
scarcely possible to conceive how such flexures could be produced, except 
when the strata were soft and yielding ; and it seems reasonable to sup- 
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pose that they are nearly coeval with the deposition of the Challc, As in 
many other instances, the diluml matter lies without any distinction or 
pecnliarity upon both the regular and the disturbed strata. 

About a mile further is the highest point of the "white cliffs;*' and 
here, at an elevation of 436 feet, a beacon, I believe, once stood on the 
very brink of the precipice. A considerable part of this suipassing alti- 
tude is owing to an unusual thickness of diln\ium which here covers the 
chalk. The views from this station are very extensive ; a long line of 
coast di\adea the area into two semicircles of land and water: one half 
the horizon is sea ; and the remainder stretches from the heights above 
Uobin Hood's Bay across the moorlands to the oolitic hills, and then pur- 
sues the southward sweep of the wolds till hilb and plains are mingled 
in the distance. We then descend for about a mile to the last of the 
white cliffs, 382 feet high. The range of chalk here quits the sea-coast, 
and proceeds inland by Speeton beacon, 450 feet, above Hunmanby, and 
along the south side of the Vale of Pickering, rising higher and higher 
towards the west, till it attains its extreme lieight near Garraby beacon, 
805 feet above the sea. From its last high precipice the chalk descends 
along the shore by an irregular broken escarpment covered with dHu* 
vium ; and at length its lowest layers are seen. These are always cha- 
racterized by an admixture of red chalk containing the very peculiar 
Belemnite which Dr, lister noticed so long ago as occurring semper in 
terrd ruhrA fmruffined *. Serpnlw^ small Inocerami^ and Terebratnlm 
have been found in this red chalk. 



In my first surveys of this coast the red chalk was exhibited very 
irregularly, except in a little ravine which almost exactly separates the 
chalk from the blue clay of the Speeton cliffe. But on several later 
visits I found the base of the cliffs considerably to the southward clearly 
i^x posed ; and there several tinted bands appeared, the lowest being those 
which were formerly noticed in the ravine alluded tOt Mr. Wiltshire 

• Vtiv wiiTil of ciutniiiing the toc^itlea vhldi he indicates, geologiiite liave ofteE given tlia 
narrt^ Hfltinmh^ Kisirti to t rmy dtJIb^tit wpmm (Smitii, Strata tdeut. Bri^keartb^ figs. 4 ft 5X 
«ml iii«l||iiiMl JjUitrr'ft fottml to tbt^ Gatiit* 



Lower part of the White Chalk, 
with flint layers 




Lower Chalk, without flints of 
grey or yellow tint 

Upper Bed bed 

Chalk and marl in thin hands. , 

Chalk more solid ,..,,,....•. 
Bed band, iiregnlar , 

Soft chalk, with marl partings of 
yellow and grey tint &c. , . . . 

Bed^ with pale bands _ 

Bed lumpy chalk 

Groy lumpy chalk, with marly 
partings . , , , 

Bed uniform chalk . , 

Bed lumpy chalk 



Proceeding northward to the little raTine, we find in its channel and 
along the bants the red chalk bands well exhibited, but for very limited 
spaces. These represent the same beds as those already described under 
the high Speeton cliff, but with soma Tariation, The strata are disturbed, 
and dip in some places 60^, 70'', 80'' to the southward, under what seems 
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like a slipped cUff of white chalk. There is a pale flush of red in this 
chalk about 40 feet above a series of grey nodular beds (4 feet), red 
nodular beds (3 feet), grey nodular beds (2 feet), red and grey beds (4 feet)> 
more solid red beds (4 feet). There appears to be another set of undu- 
lated and nodular red beds 4 feet thicks dipping 80° south ; they are in 
the stream, and are in contact (in a soft state) with the subjacent blue 
clay of Speeton ; but there appears no real gradation between the depo- 
sits, though there is some appearance of parallelism to a nearly vertical 
plane on the north side of the ravine. 



The description as given by Mr, Wiltshire (Mem. PaL Soc. for 1862) 
agrees in general with the preceding section, with some differences as to 
the estimated thickness of beds, and in particular a much greater thick- 
ness of the lowest group of red beds. Those which in my notice are 
12 feet thick (the bottom not seen), are stated to be more than 30 feet 
thick, '* the lower beds becoming nodular and of a bluish cast, thus 
graduating into the Speeton clay below," These Lower Bed beds are 
regarded as equivalents of the Red Chalk of Norfolk, or *' Hunstanton 
Limestone/' The Fpper Bed bands occur in the Chalk in the raOway- 
cutting above Market Weighton ; and the lower bands accompany that 
deposit, as Lister said, everywhere ''as you climb the woolds from 
Speeton to Spilsby," 

To complete our description of the chalk cliffs, we may notice that the 
chalk-rubble, which so uniformly covers the stratum on the south side of 
Flamborough Head, is hardly ever seen on the north side. Caves abound 
in the northern cliff, which are exposed to the fuU rush of the sea ; but 
not on the southern side, where the water is more calm- Organic 
remains are very abundant in the upper part of the stratum between 
Bridlington and the south landing-place ; but the lower and harder 
chalk contains hardly any other fossil than the InoeeramL Upon the 
whole the Chalk of Yorksliire is comparatively poor in fossils. About 
forty species only were found in it previously to 1829, while thrice that 
number had rewarded the collectors in Norfolk, TViltshire, Sussex, and 
Kent. 
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Cliffs opposite the Vale of Pickering- 

From the termination of the white cliffs the coast bends to the north- 
ward, and exhibits in succession, rising from beneath the Chalk, the 
Speeton clay, the Kimmeridge Clay, and the Coralline Oolite series. The 
Speeton clay shows itself immediately in contact with the red chalk, so 
that there can be no question of its being the next subjacent stratum ; 
and therefore it will be useless to look for the Grecnsand formation in 
this part of Yorkshire. The sand represented on Smith's map of York- 
shire as ranging on the south side of the Vale of Pickering is merely 
superficial : blue clay is found at too many points in contact with the 
bottom of the chalk to leave the slightest doubt on the subject. At 
Speeton the clay is dark and laminated, with distant layers of nodules of 
argillaceous ironstone, the larger of which are fissured within, and have 
these fissures either empty, lined with crystals of selenite and iron 
pyrites, or filled up with calcareous spar* Such large nodules occasion- 
ally contain Ammonites and fragments of Hamites. The smaller oval 
Bodxiles frequently enclose small crustaceous animals having the general 
appearance of the genus Asiacus, but with atteniiated fore legs and 
slender subabdominal processes (Mef/eria ornata). A great number of 
very interesting fossils, which will be described hereafter, have at different 
times been found in the clay at Speeton. Among the most curious are 
a fragment of a jaw of Gyrodus containing four rows of teeth in mtu (in 
the possession of its discoverer, Mr. Preston, of Flasby), teeth and ver- 
tebrae of Saurian animals, many beautiful Ammonites, Hamites, and 
Nuculse (which ornament the cabinets of Mr* Bean and Mr. Williamson). 
To make any tolerable collection of the beautiful fossils of Speeton 
requires patience and assiduity ; for, though they are really not scarce, 
yet it is only after rains have exposed a fresh surface that they can be 
found in plenty. Many of the nodules are phosphatized. 



Several remarkable fossils which Mr. Mantell described from the Gault 
of Sussex are found at Speeton ; and generally a great analogy may be 
perceived between the fossils of the blue clay of Speeton and Knapton, 
and those which belong to the argillaceous beds which lie beneath the 
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Chalk in Kent and Sussex, But some of the Speeton fossils l)ear so 
great a resemblance to those of the Kimmeridge Clay, that Professor 
Sedgwick has been led to re for them to that stratum* The evidence on 
this subject may be more completely unfolded in the chapter devoted to 
organic remains ; but in the mean time I may state that my observations 
lead me to refer at least the upper part of the Speeton clay to the Gault 
of Cambridge and Sussex ; and I have before said that the lower argil- 
laceous range along the north side of the Vale of Pickering belongs to 
the Kimmeridge Clay* 



Like the Chalk under which it sinks, the Speeton clay dips southward. 
It is exposed in the broken cliff to an elevation of 200 feet ; and I liad 
once (1826), in a particular condition of the tides, an opportunity of 
seeing some harder beds than common, with compressed Ammonites at 
low-water mark. Some remarkable contortions of the clay, which ap- 
pear on the shore towards its northern termination, are represented in 
one of the detached sections (Plata XXII.), It is covered, even where 
highest, by a great quantity of diluvial clay and pebbles ; and as we 
proceed northward, it sinks continually, and in less tlian a mile from its 
first appearance is lost below the level of the sea- 

Since the preceding description of the Speeton coast and cliffs wm 
written (in 1828), the relation of the great Clay series there exhibited 
to the Gault has been more fully explored ; and the opinion has been 
formed, both by English and foreign geologists, that a great analogy on 
the whole exists between the Speeton clay and the Neocomian strata 
of the Continent. For the most patient investigation of this subject we 
are indebted to Mr. Judd, who not only adopts the opmion referred to, 
but further admits in the section a representative of the Portland Sands 
above the Kimmeridge Clay* 

In September 1855 I devoted much time and attention to the difficult 
task of subdividing the thick Speeton clay into upper, middle, and lower 
parts, and endeavoured to assign to each zone of the clay the most cha- 
racteristic fossUs. In 1866, 1870, and 1872, the same purpose has been 
followed. In the course of these examinations some facts of consider- 
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able importance have been observed in regard to shell-beds associated 
with the drift which covers the Clay. 







^5S^S^55S D 



D. Drift-day and boulders, s, Sbell-bed in or under the drift c. Cbalk, white, r. Small red bands in the 

Chalk. B. Principal red and grey beds. R'. Detached part of the red beds, u. Upper part of Speeton 

Clay. m. Middle pan of SpMton Clay. L Lower part of Speeton Clay, p. Thin Portland bands. 
E. Einuneridge Clay. 

In the above diagram the principal facts, as they appeared to me, are 
represented ; and they are in general agreement with the conclusions of 
Mr. Judd, which, however, include some points of detail which it is next 
to impossible in the present state of the slipped and ruinous cliffs to 
reexamine with confidence. The main facts, however, may still, with 
some difficulty, be verified ; and future storms may clear away some of 
the confused and displaced masses. 

Instructed by Mr. Judd's researches*, and contracting the data as 
observed by myself into three principal groups, the Speeton clay 
(limited above by red and grey chalk, and below by the pebbly bands 
which rest on Kinmieridge Clay) may be thus represented in a vertical 
section. The total thickness assumed is 350 feet; but on Mr. Judd's 
estimate it would be 500 feet : — 

r Dark lammatedclays^ with very few fossils. Pale laminated 
Upper Division (100 feet) J days with septariate nodules used for cement. Vermicu- 

laria Sawerbii occurs here in plenty^ Ammonites rarely. 
These beds^once well exposed^ are now difScult to explore. 



(Upper Neocomian) . | 



Middle Division (150 feet) 
(Middle and part of 
Lower Neocomian) . 



Blue clays with scattered nodules containing Meyeria 
omata, Ancyloceras (large) , Belemnitesjaculum, Exogyra 
sinuaia, Nucula, Terebratula. 
Lower Div. (100 ft.) (part J Blue clays with many Ammonites — BelmnUes lateralis, 
of Lower Neocomian) \ Ancyloceras, Exogyra sintuita. 



Proceedings of the Gedogical Society, January 22, 1868. 
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Through all but the higher part of the mass, with some diflfereaces of 
form, Exogyra Hnuata is certainly traceable ; Ammonites appear in zones. 
Belenmites Jaculum haunts the middle dlYision, and B. lateralis the 
lower; but they are not confined to these divisions, Regarded in its 
most general aspect, I do not find reason to change the opinion which 
was the earliest, viz* that this great body of almost continuous clay 
contains evidence of the sequence of marine invertebrate life from the 
Kimmeridge Clay to the Gault, the separation from the Cretaceous 
system being marked by some appearance of unconformity and gi-eat 
change of local physical conditions. What in England is called " Lower 
Greensand *' is partly a littoral deposit (Potton, ]?aringdon, Hunstanton), 
and may readily be admitted to have its pelagic equivalent in some 
part of the Speeton clay where Exogyra sinuatii occurs. That fossil 
extends through nearly the whole of the clay (not to the dark upper 
beds, however); and one looks out for Ammonites lautus. A, deutatus, 
and other fossils of the FoLkstone Gault ; but they have not been 
seen as yet at Speeton, Belmnmtes minimtm^ however (not the true 
B. Lister i), is admitted by Mr, Judd in the upper part of the Speeton 
clay. 

While searching these cliffs in the autunm of 1855, I discovered a 
considerable bed of shelly sands under or in the lower part of the diift at 



JtMS 






<^, Drift, of usiin! appearan lie. c?, CUaik fraj^uinii*. .v Shell-bed ♦ 
Jt, Kimmoridgd Clay* I80D. 



J'. XMffjTitii Jr 



yi well leen* 



a considerable height above the shore, and took measures and bearings 
to recover the spot. The shells then found were all Dimyaria {Cardkt^ 
TelliHiB, Amphidemia Listeria Mactrm^ Peammolia)^ shells of a sandy 
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shore ; they were often found with valves united. Only living species 
were found, unless a very large Cardmm^ much resembling C, Parkinsoni 
of the Crag, were reaUy of that species. This shell-bed, reexamined 
in 1872 by Mr. J, E, Lee and myself, yielded the same shells and 
a portion of Cyprina iglandwa^ and a LUiorifm with colour-bandR 
preserved. 

The situation is nearly over the contorted pebble- beds, at a height of 
105 feet from the shore, the drift rising here to 160 feet. The sheUy sands 
are seen to be covered by a clay-drift with chalk fragments in unusual 
abundance immediately over the sands. These are 10 feet thick ; they 
are traced downwards to within some 8 feet of the Kimmeridge Clay ; but 
this junction has not been actually seen, and it is supposed that a small 
band of drift-clay may underlie the shells. It is obviously a portion of 
the old sea-bed* and may be compared to the so-called Crag at Bridling- 
ton and the shell-bed found by Sir C* LyeU at the base of Dimlingtou 
Cliff. 

I subjoin a second drawing, with the situation of the contorted beds 
added, 1872 :— 



:*' iKlSjiS^^i^^^?^^i^^ 




About forty years since Mr, Bean showed me some of these shells ; and 
I was struck by the resemblance to Crag, both of the shells and the 
yellow sandy matrix ; but my friend, supposing them to have been col- 
lected by birds, did not inform me of the locality, and appe^irs not to 
have made further research. This is, I believe, the only notice which 
has been published, though soon after my examination in 1855 a com- 
munication on the subject was made to the Ashmolean Society at Oxford, 
Though, as I believe, only one bed of these shells occurs, the slipping of 
the cliffs has made a kind of double escarpment, so that when first st^en, 
in 1855, there was a large exposure; and but for other occupations 
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measures would have been taken to excavate largely, and obtain a more 
complete description of the deposit. 

PoRTLANDiAN BEDS. — ^Thc Spectou days rest on a single or double 
bed of pyritic pebbles and phosphatized nodules, fragments of Belem- 
nites and other fossils, which, with some dark shales and harder 
layers below, are referred by Mr. Judd to the Portland group of strata. 
He notices among the few fossils Ammonites gigaa and Lucina porU 
landica. 

KiMMEBEDGE Clay. — The shalcs imder the pebble-bed have been 
always regarded by me as belonging to the Kimmeridge Clay ; they con- 
tain ammonitiferous layers like those to be immediately noticed, a few 
hundred yards north of the contorted beds. 

On favourable occasions, at low water of spring tides, one may here 
walk 100 yards and more on firm laminated dark shales with septaria — 
the shales being full of Ammonites and many white shells of the Kim- 



Plan of the Kimmeridge- Clay beds an the Shore at Speeton, showing the edges of the lamina with 

septaria, 1855. 




meridge Clay, which may be almost exactly matched in the clay-pits of 
Shotover Hill and the railway- and canal-cuttings near Swindon. 
Among these are fine-ribbed Ammonites like Ammonites Sector ^ the 
coarse-ribbed A. biplea:, Diacina Hvmphreysianaj Lvngula ovalis, Thracia 
depreaaay Ostrea^ Avicula — shells which in the Midland Counties belong to 
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a part of the Kimmeridge Clay not far below the dandy cap of that 
stratum. 

These beds are in a position indicating considerable local disturbance, 
the axis of which ranges N. 66** W. ; but this is subject to twist, both in 
the northward and southward parts. 

The dip is mainly to the 8. 36'' W., and yaries from 10° to 40° in the 
course of 100 yards. I suppose these beds to be 100 feet deep in the 
Kinmieridge deposit. 

Thus indications of disturbance of the strata are traced for a con- 
siderable breadth (more than a mile) from the disappearance of the red 
chalk. 

Other and lower beds of theEammeridgeClay,with^j7^ycAtM,^mi9»(wi/^«, 
and some peculiar small Belemnites, make slight appearances at several 
detached points in and under the drift as we proceed northward toward 
Filey ; but nowhere have we seen on this coast the lowest beds (which 
usually contain Ostrea delto%dea\ though they have been noticed about 
Eirkby Misperton and other places near Helmsley, as well as at EUough- 
ton near Cave. 

The cliffs which occupy the long concave sweep of Piley Bay, are much 
broken by small gullies, which exhibit boulder-clay and short bands of 
gravel. Here and there Lias fossils and spoils of the oolitic moorlands 
occur in the drift, especially Gryphoea incurva^ Ammonites cammuniSy and 
£eda ovum. The coast, feebly guarded by these easily wasted materials, 
rarely rises to 100 feet in height (terrace at Piley) ; and nowhere between 
Hunmanby and FUey does the inland surface reach 200 feet. In fact 
between FUey and Murton the watershed between the sea and the Vale 
of Pickering does not much exceed 100 feet above high water ; while be- 
tween the sea and the broad and extended surface of that vale, often 
covered by inundations, the difference of level is less. Were a channel cut 
through the drift, the outflow from that vale might be directed to the east- 
ward, the floods be carried off, and a new harbour formed in place of the 
€vXifi€voc KoXiroc, or Portus Felix, which some believe to have given birth 
and name to Filey. 

On approaching Filey from the south, we observe on the cliff-top. 
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78 feet above high water, a small lacustrine deposit, which occupies 
about one quarter of an acre. It consists of light-blue clay, peaty clay, 
blue clay, white clay and peat, altogether 4 feet thick, upon sand and 
ijravel. 

It deserves remark that the diluvial clay north of Elamborough Head 
is decidedly of a redder colour than that which is found in Holdemess. 
This circumstance is very evident in Filey Bay, M^here the cliflFs afford 
few other subjects of observation, till at the northern promontory the 
oolitic rocks emerge from the sea and form the long reef called Filey 
Brig. 

Note on p. 99. — ^The expectation of the rich mine of Speeton fossils being reopened 
by nature^ expressed in this page, has been already in part fulfilled. On a recent visit 
to the coast, for the purpose of repeating some observations and measurements, I found 
that the storms of the early part of 1873 had so far exposed the unmoved clays, that 
Mr. CuUen had been able to obtain good specimens of large Crioceratites and other 
well-known fossils which have been desiderata for years. (June 18, 1873.) 
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CHAPTER X. 

CLIPFS FBOM PILEY TO SCABBOROUGH. 

That at some former period the rocks which emerge from heneath the 
Vale of Pickering, in strata sloping to the south, but precipitous toward 
the north, haye had their surCaces exposed td the ravages of water, is 
evident by inspecting the cliff above Piley Brig ; for here the diluvial 
clay, rising to the height of 106 feet, rests upon the lower beds of Coral- 
line Oolite, which immediately cover the calcareous grit. The upper 
portion of the oolite and the upper calcareous grit above it, which occur 
m situ a few miles inland, had been removed before the diluvial matter 
was laid upon the wasted surface of the remaining rocks. 



In the enlarged section of these appearances, presented below, it 

FUey Promontory. 








D. Drift, including sandy lajen, o. Shaken oolite. L Beds of limestone, partlj oolitic. 

P 
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will be seen that the diluvium rests on Oolite, 5 feet in thickness, of 
which the upper parts are shaken and displaced (o) ; beneath are two 
beds of solid oolitic limestone (i), separated by soft, yellow, calcareous 
grits which contain Echinohrmi^ Myaciim^ Trigoma eostata and T, ela* 
vellata^ Pecten mminalis^ Pecien vagauB^ CrryphiSce^ ChmnnitzuBj &c. 
These beds may be included in the CoraUlne Oolite, while the beds be- 
low, in which yellow sandy layers prevail, may be classed with the cal- 
careous g:rit, of which beds to the thickness of 80 feet rise from the sea, 
within the distance of a quarter of a mile. In the upper and middle 
parts of the rock lie a few alternations of limestone ; and both these and 
the grit-beds contain most of the fossils which oceur in the oolitic 
layers above. The surfaces of the beds of calcareous grit are singularly 
characterized by ramified masses of doubtful origin, which appear like 
dichotomous cylindrical sponges. Several of the yellow sandy beds con- 
tain large spheroidal, highly indurated, often sheUy, calcareo-siliceous 
balls. These bands of sandstone and hard balls may be traced for a 
great distance along the perpendicular lace of the rocks, from Filey Brig, 
under a cover of '* diluvial " clay and pebbles, to the summit of Gris. 
tborpe Cliff- 



Surfax^ of Root-beds* 



After often-repeated measurements of the numerous beds of different 
composition exposed in the Brig, and the cliffs north of it, the following 
general section was drawn in 1872 : — 
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Coralline Oolite, 15 feet 6 inches 



Sandy group.. 
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Nodular group . 



Lower Cal- 
careonsgrit,^ Cherty group 
66 ft. 2 in. • ^ ^ ^ 
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Echinobrissus, 
Chemnitzia, 



Gervillia. 

Myaeites. 
BhynchoTuUa, 

OervlUxa, 

Echinobrtssus. 

Pectin. 

Oryphcea. 

Serpula. 



Sandy gradation beds, 40 feet 



For distmction. calcareous beds (e) and chertj beds (ey) are marked bv yertical ioint-lines, and ball beds (b) 
haye included spheroidal or irregular masses ; sandy beds are len blank. The dirision-line between the 
Coralline Oolite and the oUcareous grit is almost arbitrary. The sandy gradations below make a natural 
passage to the Oxford Clay. Scale 20 feet to 1 inch. 

The beds, mostly yellow in the sea-beaten cliffs, would probably be 
found of a pale blue at a considerable depth underground ; and in fact 
such a tint is often observed in the central and unaltered parts of large 
blocks. In most of them the root-like parts aboimd, in others irregular 
ramifications and nodules, and in some of them balls, all more calcareous 
than the remainder of the bed. The balls are often formed by aggrega- 
tion roimd many shells, or roimd some one Nautilus or Anmionite. 
Some of these are spheroidal, others irregular and almost ramose in 
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figurei so as to make a transition to the nodular and undulated limestone 
beds which appear in different parts of the section. In the upper parts 
these are wholly calcareous and oolitic, and the yellow beds are fre- 
quently in the state of oolitic marl ; lower down in the section the lime- 
stones are gritty or cherty, and are less and less abundant tiU they 
wholly vanish in the thick series of sandstoneSj which grow gradually 
more and more argillaceous till the Oxford Clay is reached. 

Solid as appear these rocks at the ba^e of the Filey cliffs, it needs 
but a few years to prove a rate of sensible decay, and a few hundreds of 
years to give some measure of great waste. The last poor vestige of 
Roman occupation on the promontory was removed a few years ago from 
the dangerous edge of the cUff near the Spa — one square hovel full of 
bones and broken pottery, with a few coins and other objects thrown 
aside by the inhabitants of some villa, perhaps the summer resort of some 
rich colonist or legionary quaestor. 

The cliffs below the Spa are deeply excavated into picturesque "baths'* 
along the line of the yellow sands and ball-beds ; deep fissures in tliese 
rocks admit the forceful sea and suffer hea\y bombardment mth the 
loosened balls and tumbling blocks^ while rain-water entering from 
above contributes to weaken the defence* It requires no prophet to 
foretell the coming breakdown of what remains of the promontory of 
FUey. 

It is fortunate for the geologist that the strata here indicated make so 
considerable an appearance in and near to the Brig, in accessible situa- 
tions ; for as we proceed to the northward the cliffs become quite inac- 
cessible over deep water. The beds may be weU followed, however, by 
the eye, and slightly examined on the cliff-top at intervals, between the 
Brig and the highest part of Gristhorpe Cliff— the ball-beds, cherty beds 
below, sandy beds and shales, till these last change gradually to the true 
Oxford Clay, This clay appears in the cliffs about thiee quarters of a mile 
north of the Brig ; and soon afterwards the sandy and irony Kelloway 
rock and the shelly and calcareous beds called Cornbrash rise from the 
sea and take their place in the cliffs, of which the higliest shelf is 280 
feet above high water. 
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In Gristhorpe Cliff and Red Cliff the ^adations by which the lower part 
of the calcareous ^it passes to the Oxford Clay are very conspicuous, 
but not in general accessible to minute research, nor is the Oxford Clay 
favourably situated for special examination. The KeUoway rock is 
found to be oolitic at the top, with the grains mostly ferruginous * it is, 
in factj though imperfect, the base of what might elsewhere be capped 
by an earlier type of the Middle or Oxford oolite. The mass of the rock 
below (20 feet) is solid ; the lower part (12 feet) is softer, and passes to a 
blue shale bed, which is from 6 to 12 feet thick, and contains Glyphm 
and Hemipedina. This may be regarded aa the lowest known member 
of the " Oxfordian *' beds in the north of England. 



The strata now to be noticed, corresponding in their whole scope to 
the Lower or Bath oolites, present, as already observed^ very marked dif- 
ferences from, but also real affinities with, those rocks as they are seen 
in the south of England, They vary at almost every step by often 
sudden changes in the thickness and quality of the sandstones and shales, 
which predominate over the calcareous shelly strata. These latter, accu- 
mulated around marine shells, have the character of regular courses ; the 
former, of estuarine deposition, manifest the local irregularities due to 
unstable and temporary currents, and show, by their thickenings and attc* 
nuations, by peculiarities of structure and drifted contents, the influence 
of variable currents from the land. In these somewhat irregular deposits, 
one or two examples occur of marsh-living plants in situ and even atti- 
tude of growth, and a few freshwater bivalves in the place of their abode. 
Partially tranquil freshwater, possibly a temporary lake, is thus indicated, 
especially in that part of the section where tliin layers of coal occur from 
20 to 40 feet above the oolitic limestone with Cricopora^ which given a 
sure zero-line for the measures of thickness in the Gristhorpe cliffs. It 
is at least certain, not only that a large area has here received alternately 
sediments from the sea and drifts from the land, but that parts of this 
area have been covered alternately by tranquil sea and quiet fresh water. 
There has been, in the course of oolitic time, a general depression of the 
sea-bed ; but it was interrupted at several epochs and for considerable 
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periods, during which large quantities of river sediments were spread 
over the marine strata till a further depression of the region brought 
again another series of sea deposits. The following general section may 
serve as an index to the descriptions which follow as far as Clough* 
ton : — 



Section of the Cliff at Orisihorjpe, from the Calcareous Chit to beds hehw the *'Millepore JRocf 

of Oolite, 




The series of deposits between the Combrash and the shelly beds of 
the Bath oolite, nowhere else so well seen on this coast, has been 
measured and remeasured by myself at Gristhorpe, partly in descending 
the cliff, by a path now washed away, and partly on the shore*. Allow- 
ing for great variation in the sandstones and shales, this " Upper Carbo- 
naceous Series," which appears to be entirely of estuarine origin, may 
be expressed in the following terms, the whole thickness being, on an 
average, about 100 feet : — 



* Dr. Wright haa given a general view of this section in the * Proceedings of the Geological 
Society' for 1859. 





GRISTHORPE CLIFF. 

ft in. 

2 0, 

5 0, Shfllo, with root-masses. 

3 a ta 6 ft. 6 in. Pale shale. 
^"^^ 1 10 to 4 ft « in. 

14 0. Fale shale, carbouaeeouB at the bot- 
tom. 

1 0. 

1 t. 

6 0. Bark nhale^ airbonaceoua at the bot- 
tom. 

8 0- 

9 Op Fale clay, piurplish in the middle. 



29 6. Fale and purple dap, with thin sand- 
atones and interspersione of granu- 
lar iron &c. 



Variable grita and shalea 
Yariable grits and ahales 



:^ 8 0. 



12 to 20 ft. 



4 0. Clay jet, Ironstone, 



Gebt LiMXiTONE Semes, 



In this swtion the Comhrash is in a very reduced condition, often only 
2 feet thick. The uppermost shelly part contains Terebratula lagenalk^ 
Tanoredm ; then follows a hand of Ostrea Marahii^ and at the hase is a 
blue sandy bed marked by black hard ramifications, supposed to be of 
fucoidal origin. 
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A somewhat diflFerent section appears in a watercourse which divides 
the bold scar-edges of Newtondale, near Saltergate Inn. Here we have 
in descending order : — 

Kelloway Rock in considerable thickness^ with hard and soft parts ; the top stone 
in great blocks^ good for building. 

Clay or shale^ 10 or 12 feet. 

(A) Combrash^ in beds about 2 feet thick^ partially ferruginous^ to the extent of 10 
or even 20 per cent. 

Calcareous^ nodular^ ferruginous shelly bed. 

Sandy, calcareous, hard bed. 

Sandy and indurated layers. 

Sandy, with iron band in the middle. 

Sandy bed. 

Shales and sandstones of various tints, thickness, and hardness. 

Shales and sandstones with two bands of ironstone-balls and layers of plants, as 
at Scalby ; the lowest band of ironstone granular or pisoUtic, correspond- 
ing with that noticed at Gristhorpe. It is a rich bed, and was computed to 
yield 2500 tons in an acre. 
^ White carbonaceous grits below. 
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The shore and cliffs of Gristhorpe Bay, and the coast immediately to 
the north of it, exhibit the whole series of rocks from Combrash to the 
Millepore oolite, in a complete and continuous section, of which the 
general meaning is perfectly clear, though almost every bed between the 
Combrash and the oolite just named is variable, the sandstones remark- 
ably so. Though visible for a long range as they rise successively from 
the sea-level, much patience is required in tracing them along the cliffs. 
Formerly a considerable portion of these beds was apparent in a pic- 
turesque island rock, which marked the north end of Gristhorpe Bay ; 
only the thick sandstone base now remains. (See Plate XXII. for a 
general representation of the appearances in 1828.) 

From this point the coast turns northward again; and the strata 
are all measurable in favourable stat^ of tide, down to a remarkable 
oolitic rock rich in MiUepora, Echinida, &c., and some sandstone beds 
below. 
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Since my first publication in 1829, the succession of beds at this 
interesting place has been the subject of frequent scrutiny by many 
good observers, as Professor Williamson, Professor Morris, Dr. Wright, 
Dr. Lycett, Mr. Leckenby, and Mr. Judd. I have thrice measured or 
carefully estimated every bed, once aided by Mr. Peter CuUen, and lately 
by one of my earliest fellowworkers on this coast, Mr. John E. Lee. 
The following summary may be compared with my original section 
(drawn up in more general terms in 1828), the series as given by Pro* 
fessor Williamson (first in a private letter to myself, Oct. 1836, and 
afterwards in a communication to the Transactions of the Greological 
Society, vol. v. p. 233), and Dr. Wright's account of the same beds (read 
to the Geological Society in 1869). 

Section of the series of subcalcareous and ferruginous beds, some of 
them yielding marine shells, in Gristhorpe Bay, south of the island i^^ 

ft. iii« 

Hard sandy bed^ irony at top, with decomposing bisul- 

phuret of iron and some jet 13 

Grey streaky sandstone, with some decomposing bisul- 

phuret 2 

Brown laminated, partly ferruginous, bed 2 

Grey sandy shales, sulphurous • • 2 6 

Ironstone balls in a band {Avicula braamburiensis) • • 1 

Subcalcareous, partly shelly, bed 2 

Ironstone balls in a band ..06 

Calcareous heA,mthBelemnitesgiff aniens at the top, Ostrea 

Marshu, &c 2 4 

^ Sulphurous laminated shale, with nodular ferruginous top 1 8 

On the north side of the island, as already observed, the upper part is 
wanting ; the uppermost bed seen is the band of ironstone balls with 
Avicula. 

The next series of beds, marked e 1, is found nearly alike on both sides 
or the island in the upper members, but very xmlike in the lower 
members. 

Commencing in the south, we have, mostly of freshwater or estuary 
origin: — 

Q 



Fossiliferous beds 
(/), 15 ft. 8 m. . 
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SandstoneandShale 
(e«), 19 ft. . . 



' Hard sharp laminated sandstone^ with thin lines of shale ft. in. 

and distinct vertical joints 5 

Shale, dark and " coaly '' at top and bottom ; the middle 

occasionally resembles " seat earth '' 5 

"Pipy'' white sandstone, passing downward to "seat 

earth/' and still lower to shale with ironstone pins ..50 
Lumpy sandstone, partly dotted with ironstone, jet, and 
wood. Forms resembling Lutraria, Modiola, but not 
known for certain to be organic . . . . 2ft. 6in. to 4 
^ Dark laminated curled Coal shale, with many plants, and 
especially Equisetites colunmaris. Here is a " sulphur^ 

Coal Series (c«),J Une" 18 

12 ft. 8 in. . . I Sandy grey laminated shales, or sandstone, a little pipy . 2 
Shales, with a thin sandstone layer and dark Coal bands, 
many plants 8 ft. to 9 

In the cliffs on the north side of the island, we have, wholly or mostly 
of freshwater or estuary origin, a slightly varied series : — 

Brown sharp laminated sandstone, with fine shale . . 5 

Pale shale "^^'^Ta 

Dark shale 2 ft. J 

Soft pipy sandstone 1 ft. 6 in. -a 

Pale pipy shale 1 ft. 6 in. 1 4 

Dark shale 1 ft. 3 in. J 

, White pipy sandstone 3 

^ Dark shale and Coal in waved laminae {Equisetites) 6 in. i 

Pipy pale sandstone 10 in. VI 

Coaly shale 6 in. J 

Laminated shaly sandstone or sandy shale 1 

Pale laminated sandstone and shale . . . 1 ft. 6 in. ^ 

Coal Series (e*). Dark laminated shale 1ft. 3 in. 

12fttlin. . . Lumpy white sandstone 1ft. 9 in. 

Pale shale, with very fine and numerous plants and iron- 
stone pins — Anodon 1 ft. 8 in. 

Shale with Coal streaks (pyritous layer at top) 1 ft. 3 in. 

CoAL-bed, crossed by " deat,'' and composed of marine 

or mostly marine plants 1ft. 

* Such yellow lines are marked by efflorescent sulphate of iron and some free sulphur, derived 
from decomposed bisulphuret of iron. 



SandstoneandShale 
(€»), 18ft. Sin. . 






3 

3 

10 

10 



8 5 
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Ironstone, Shale, 
and Sandstone, 
with subcalcare- 
ous marine shelly ' 
beds (O, 35 ft, 
3m. . . . 



''pipy/' 



the 



ft. in. 



/ Sandstone with partings of shale, the top 
bottom laminated — Tancredia, Modiola, &c. 

Soft clay 6 in, 

Pale shale with BrachyphyUum and other plants • 1 ft, 



•} 



Ironstone in shale, with Trigonia, Greslya, Sec. in situ . 1 

Ironstone containing TViffonia, Pinna, GerviUia, and Pecten 1 

Sandstone with ironstone pins and small shells ... 2 

Grey sandy part 1 

Nodular ironstone in laminated shale, with Modiola &c. 

Here sulphuret of zinc occurs in nodules and in shells 5 
Sandy bed, with ironstones and many shells of Pholado- 

mya actUicosta, Lima gibbosa, ficc 1 

Shale with Pholadamya, Ostrea, Avicula, Natica, &c. . 1 
Skerry sandstones and shale with scattered plants — 

Pholadomya . . . • • 4 

Shales with some ironstone in the lower part, scattered 

traces of plants — Pentacrinus 12 

d. Below is the Oolite, with MUlepora (now Crieopora) . 



6 

6 



6 
6 




3 



In the lignographs which follow, the agreements and differences of 
those two neighbouring aspects of the same series may be conveniently 
studied. The letters in the middle column (e\ ^, ^,/, & g) refer to 
the classification of the strata on p. 110 ; those on the edges of the strata 
(«, c, /, i) indicate their mineral nature : «, sandstone ; (?, clay or shale ; 
ly limestone or oolite ; i, ironstone. 
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Grejr LimeBtone and 
Iioustone Series, 
oamplete, X5 It. 
3 ill. 



Hiuidstoiie and Shale, 
19 ft, 



Coal Series, 13 ft. 
8 in. 



South f^ the IslaBd. 

ft fa. 

1 ^ 

^^. r. , . , - a 

■ I » ji ^ ^ .- f* T- t 4j ill a » ■* V 

: a e 

I ® 

jr - ■ -- 



I^orth of tho Island. 




le 

10 



I 3 



t » 



fii . 




^■':. * Sandstone and shale. 

Grey limes tone and 
ironatone aeries, in- 
complete* 



Sen dfi tone and ^ale, 
18 it. e in. 



> Coal series, II ft, 1 iil. 



Ironstone^ shale, aad 
sandstone with ma- 
rine shells, 35 ft, 
a in. 



sflO 



MiUopore oolite^lO ft. 



Sandstone and shale. 



Turning round the ruinous steeps of sandstone and shale, and crossing 
the fault, we find ourselves in front of ono of the grandest precipices on 
the Yorkshire coast, called Red Cliffj which rises abruptly 285 feet above 
high water, and consists of the same strata as Gristhorpe CliflF. At 
the top the lower portions of tlie calcareous grit make a firm battlement ; 
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and beneath them are the grey alternations^ which so gradually change 
into Oxford Clay that no very distinct line can be drawn. The Kelloway 



r 



"N 



>^^^g^rr-.^ 




Red ClifE; from the north, 1855. 

rock beneath is completely exhibited, with a thickness of 30 feet ; the clay 
beneath, with Glyphia^ can be seen occasionally ; and the Cornbrash, with 
its characteristic fossils and of somewhat greater thickness than under 
Gristhorpe Cliflf, makes a distinct ledge on the shore. A few fossils may 
be found among the fallen fragments which lie in heaps along the rough 
path, under the perishing and, on that account, perilous precipices of Ked 
Cliff. Those who look closely as they approach the path leading up by 
Cayton Mill may gather magnetic ironsand ; and in the great drift-mass 
of the cliflfe a dividing bed of sands and gravel may be seen. All these 
strata are cut off, and made to terminate abruptly, by the rapid descent 
from Red Cliff to the large hollow filled with drift above Cayton Mill ; 
beyond which is an unexpected cliff of calcareous grit sunk upwards of 
200 feet below its general level, and based on the Oxford Clay. No doubt 
this is owing to some ancient subsidence or sliding of a part of the hill 
above. This part of the coast suggests the idea of a preglacial connexion 
of the old hollow of Pickering Vale with the Gterman Ocean. Remove 
the drift which has been accimiulated on the summit of drainage between 
the sea and the Derwent (that is, restore the ancient condition of things). 
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and the obscure village of Cay ton ndght become an emporium of com^ 
merce. The summit referred to is less than 200 feet above the sea. 

The MiUepore-oolite sinks below low water before reaching Red Cliff; 
and all the strata above it bend a little downwards, and successively 
form scars ; but suddenly the scars are all terminated by a straight line 
directed to N. 25*^ W., a dommon direction of joints. On tracing this 
line backward to the cliff we find it connected with a very remarkable 
dislocation or slip of the strata, which may be understood from the 
representation in the general section. On the left of the line of this 
dislocation the lower part of the Oxford Clay is opposed to the bottom of 
the calcareous grit on the right ; the Kelloway on the left meets the top 
of the Oxford Clay on the right, whilst the Kelloway on the right meets 
the carbonaceous sandstone and shale on the left. The extent of the 
dislocation is about 140 feet ; its direction agrees with the well-known 
observation of miners, that " the fault dips or underlies on the sunken 
side'* — an observation which may be frequently verified on this coast of 
Yorkshire, 

Immediately beyond rises the lower portion of the Carbonaceous series, 
and, at the prominent point called Ewe Nab, ascends so far into the cliff 
that the oolitic beds, which were before seen at the island on the north 
side of Gristhorpe Bay, appear above the level of high water. 

Ewe Nab, as the picturesque headland was called when I first 
examined the coast, though the Ordnance Survey has not preserved the 
name, presents an interesting variation of the appearances connected 
with the Bath-Oolite series. On a first view it seems as if the shelly 
beds (/) above the Millepore-rock were deficient ; but careful search has 
both disclosed them and the reason of their obscurity. My section, 
as drawn in 1828, refers to the seaward face at the extremity of the 
anticlinal promontory. The following description was written in 
1872 :— 
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Drift on the top. 
(/) Place of the grey-limestone beds. 

5 feet. Sharp-angular-sandstone beds^ as usual below the calcareous beds. 



m 



( Shales and grits. 
" (Dark shales. 
6 ,y Irregular sandstone. 

f Black shale and rough sandstone. 

" (Dark shale. 

f Sandstone with some scattered ironstone. 
20 "< 

" \ Sandstone knotted and banded with ironstone. 
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(d) Oolite, with ferruginous top, Cricapara, PerUacrinites, Trigonia, Ste. The blocks 
large and solid, texture in part close-grained oolite. 

The Millepore rock extends in broad floors on the south side of the 
promontory, till, with all the upper beds, it is cut off by a fault, which, 
ranging N.N.W. and dipping W.S.W., throws down the strata in that 
direction about 50 feet. The grey limestone with its characteristic fossils 
{Belemnites giganteua^ Ostrea Marshiij &c.) is thus displaced so as to be 
only a little above the level of the Millepore-rock. The fault is a wide 
fissure filled with crushed shale and portions of the adjoining rocks ; and 
on the eastern face a narrow slip of rocks lies steeply inclined parallel to 
the fissure-plane. 

What makes this place the more singular is the very narrow wall of 
rock which remains on the western side of the fissure, under a deep 
deposit of drift which fills a large space in Cayton Bay. 

Looking southward we trace the line of the fault in a direction toward 
Cayton Mill, and the largely exposed ridges of Millepore-oolite and 
beds above it, including the grey limestone, with Belemnites giganteus 
and Ostrea Marshii. Here a specimen of Ammonites Humphriesiamis 
occurred to me in 1855. These strata dip 26** westward, their strike 
being N.W. and S.E., as shown on the Map. 
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Cay nn Mill 



Filej Bay 



The numerals give the heights in feet. Arrows show the dips, dotted lines the faults. B. The Roman Villa. 

B. The supposed ancient breakwater. 




Fault at Ewe Nab, looking north. 
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Turning round Ewe Nab in a northerly direction we find the beds 
declining till they are cut through by the fault, which on this side of the 
promontory has hardly any remains of the western wall. On the shore 
the line of disturbance is marked by a narrow ridge of the grey limestone 
with Belemnites giga^tem^ placed yertically along the tnmcated edges of 
the horizontally bedded sandstones, with spar veins, which form the 
ciastem fault-wall. The disturbance points to the drawbridge under 
Scarborough earth, where a fault is observed in the same direction. 

The oolitic beds wliich here present their huge blocks to the waves are 
so very similar to those described near the above-mentioned island as to 
need no additional description^ fui'ther than to notice that the MiUeporm 
are here broken and less plentiful, and shells perhaps not so scarce; but 
the carbonaceous beds above them are different* 

Carbonaceous shale and sandstone, mixed with much diluviura, occupy 
the low sea-cliffs of Carnelian Bay, under irregular broken slopes of dilu- 
vium. These appearances continue to the point of rocks called White 
Nab, where the tide flows round a little island, once as conspicuous as 
that which formerly stood at the north point of Gristhorpe Bay. 

As at Gristhorpe and at Ewe Nab, so at White Nab, the beds rise 
gradually from the south to a moderate height, and again fall gently 
towards the north • The series here exhibited in broad shelly floors 
belongs to the grey limestone (/) considerably above the Millepore oolite 
of Ewe Nab, which is not seen again to the northward tUl we reach 
Cloughton Wyke, My observations in 1828 gave the following series : — 



Mass of carbonaceous sandstone, with irregnlar interpolations of shale. In this layer 
of sandstone lie equisetiform and other plants, besides large branches of wood. 

A regular bluish or yellowish bed, occasionally iissile ; it then contains a few casts of 
bivalve shellsj becomes very calcareoos^ and much resembles the ^' roadstone" of 
Brandsby. Represents the rough argiUo-caleareous beds with layers of septariate 
ironstone, fuJl of shells, and interspersed masses of soft large- grained oolite. 

The Tippennost layer i^ soft and shaly. 

E 
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Of the fossils found at the White Nab, Qervillue, Aviculte^ and short 
thick Belemnites are among the most common. A great quantity of 
stone has been taken from these calcareous beds for Scarborough piers, 
where the large Belemnites may be seen in many of the blocks. Lately 
I observed the following series of beds thus exposed in these excavations 
and in the cliff (1872) :— 

4. Shales and sandstones. 

3. Thick beds of sandstone partially imdulated and laminated with thin dark and 

pale shales^ carbonaceous layers^ drift-coal^ and fragments of wood. Toward the 

bottom the dark layers are irregularly twisted and dotted. 
2. Ironstone lumps and layers^ with sandy shales^ locally shelly. 5 or 6 feet. 
1. The ^^ Nab rock'' or grey limestone^ of which four beds appear^ making 8 or 9 feet 

of shelly subcalcareous rock^ viz. : — 

ri ft, 6 in. 
2 6 

- most solid part of the rock. 



3 
U 









::=. — 3 



Proceeding along the shore we find the calcareous and ironstone beds 
exposed in broad flat scars at low water, and extending, with some inter- 
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mptions, to Ramsden Scar, nearly opposite the bathing-machines at 
Scarborough. The lower part of the cliff, from White Nab nearly to the 
Spaw, is kept by the carbonaceous grit ; and above, in irregular often 
grassy cliffs, lie the carbonaceous shale and thin sandstones : the highest 
point of this inland cliff, opposite Wheatcroft's farm, 278 feet high, is 
capped by the Combrash and Kelloway rocks. The calcareous and irony 
strata have their long, straight, intersecting fissures often lined with 
double laminae or septa of oxide of iron, between which sometimes occurs 
a white, compact, soft, smooth substance (*^ Scarbroite"), which the Bev. 
W. V. Vernon ascertained to be a compound of alumina and silica with 
water. Exactly similar septa, and occasionally the same aluminous sub- 
stance, occur in the superincumbent variable bed of sandstone ; and, in 
addition, this bed presents a number of ochraceous belts or zones parallel 
to the margins of its blocks, thus beautifully variegating the blue or 
white colour of the stone. 

It is interesting to observe, in this walk along the south sands of 
Scarborough, between White Nab and the Spaw, the peculiar appearance 
of the carbonaceous sandstone. The frequent and remarkable curvatures 




Bed of Sandstone near Scarboiongb. 

of the beds, the unequal intermixture of shale among them, and the 
dispersion of carbonaceous fragments through the mass leave no doubt 
of the agitation of the water which left this curious deposit. The accu- 

k2 
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mulation of diluvial matter increases continually northward from the 
high point of Kelloway rock opposite Wheatcroft's ; and it occupies the 
whole cliff from the Spaw to the bridge. It is, in general, clay filled with 
pebbles of all kinds and magnitudes ; the largest masses are either Shap- 
feU granite^ Mountain-limestone, or basalt. Among the most abundant 
are porphyries, of which some belongj I think, to the Cumberland momi- 
tains ; others may, perhaps, be referred to Scotland. The agates, which 
have been transported along with trap-rocks from Scotland or the north 
of Europe, are comparatively rare. In a few places the diluvial matter 
swept from some particular line of country seems to be exclusively 
aggregated together. This is well seen behind the Spaw, where the 
gravel consists almost entirely of fragments of Lias and moorland sand- 
stones. Here lie many AmmonitcVf FectineSt Qryphm^^ &c., character- 
istic of the Lias formation. 

In cutting the cliff above the terrace walk at Scarborougli, a seeming 
dislocation in the diluvium has been exposed. If the appearances may 
be trusted^ two layers of wet sand have been depressed several feet on the 
northern side. But the inequality of the depression in the two layers, 
and the seeming dislocation not extending into the gravel beneath, are 
circumstances never observed in a determinate dislocation of strata. The 
cHff over the Spaw varies from 151 to 171 feet in height above high water- 



That part of Scarborough eraphatically called the Cliff, is from 90 to 
110 feet above high water ; from here the slope grows continually flatter 
to Bland*s cliff; and beyond this point the whole shore is occupied 
by streets as far as the commencement of the outer pier. Here the 
steeps of the Castle Hill rise suddenly from the water, and, further on, 
reach an elevation of 270 feet ; but part of the Castle Garth is, perhaps, 
16 feet higher. The first rock which is seen above the pier is a ferru- 
ginous sandstone with fossil shells, which is ascertained to be identical 
with the rock of Kelloway bridge in Wiltshire, Above lies the grey 
argillaceous earth which occupies the place of the Oxford Clay; this 
gradually passes into the calcareous grit ; and some beds of the coralline 
oolite surmount the whole. The strata decline in the eastern face of 
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the hill, 80 that the Kelloway rock sinks below the level of high water, 
and at a projecting point the Oxford Clay keeps the foot of the cliff; but 
soon rising again, where the hill fronts the north, these strata ascend 
towards the drawbridge. The Fort on the northern fkee of the hill is 
levelled on nearly the lower beds of coralline oolite. Of this rock 30 feet 
appear on the hill above j its whole thickness here is nearly 40 feet. 
Below are about 18 feet of solid calcareous grit beds ; these rest on three 
layers of hard calcareo-siliceous balls lying in soft yellow sandj 28 feet 
thick ; then succeed 50 feet of calcareous grit, hard above but graduating 
below to the next stratum) the Oxford Clay, which, being 135 feet thick, 
occupies the remainder of the hill to high- water mark. 

These strata, rising towards the drawbridge, have been subjected to a 
very uncommon dislocation, the effect of which is the uplifting of the 
Kelloway rock to the level of the lower part of the calcareous grit. 
Kelloway fossils are found in this uplifted portion on the north side of 
the drawbridge*, 200 feet above the sea. This uplifted portion is very 
narrowj and it is not nearly so distinct as, from necessity, the general 
section represents it* Bushei^s fort is upon the lowest soft part of the 
calcareous grit, which can hardly be distingished Jrom the Oxford Clay, 
The stratum so named is found in the upper part of the cliffs beyond ; 
whilst below it occurs the Kelloway rock, rich in AmTuonUcB^ Grypkw^e^ 
AviculcBp &c. The Cornbrash is found beneath, full of TerebratuliB, 
Gremly^, Trigonim^ Ostrew^ &c- ; and its blockSj strewed on the sands, 
afford a rich harvest to the geologist. StiU lower are the shales and 
sandstones of the carbonaceous grit Searboroiigh Castle Hill, therefore, 
agrees in general composition with Gristhorpe and Red Cliffs ; but its 
summit is crowned with the oolite, which does not occur on them. 
Further, since in none of the cliffs from Uley to Scarborough do we 
find any of the superior calcareous grit, which is found above the oolite 
near Kirby-Moorside and Helmsley, it is certain that on the Yorkshire 

• Dr, William Smith discovered tiiis eingukr fault, and communicated it te me ; hh eager- 
neBfi on the occasion led Mm to overstrained e:3tertion i and the consequences was a very alarming 
privation of muscular power in the legs, from which, however, after some months, he recovered 
entirely. 
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coast this oolitic series is imperfect by the deficiency of its upper mem- 
bers. That such deficiency is al>originaI no one will suppose who con* 
siders the deep-cut valleys and vast heaps of diluvium in the country 
about Scarborough ; for these bring irrefragable testimony to the effect 
of wide-spreading and powerful denudations* In orders therefore^ to gain 
a complete kaowlerlge of this oolitic formation, it is necessary to study 
the coast and the interior together ; the cliffs against the sea must be 
compared with the quarries and watercourses inland^ before such a table 
of stratiScatiou can be prepared as I have given in the previous pages of 
this work. Moreover it must bo observed that nowhere on this coast 
do we find those lowest layers of the Kimmeridge Clay which at Kirby* 
Moorside and west of Helmsley furnish the ehamctcristic Ostrea del* 
toidea. These beds have yielded to the same diluvial impetus. But, 
with these exceptions, the series on the coast is complete, from the top of 
the Chalk to nearly the base of the Lias, and junctions may be examined 
of all the adjacent strata. 

As the Oxford Clay, Kelloway rock, and Cornbrash are nowhere on 
the coast better seen than at Scarborough, and as we shall have no other 
opportunity of noticing them tiU we come to treat of their organic con- 
tents, I shall take this opportunity of adding some notice of theu- general 
character and appearance. 



The chief reason for giving the name of Oxford Clay to the grey argil- 
laceous earth of Scarborough Castle Hill, is its position between the well- 
determined strata of calcareous grit and Kelloway rock ; for, indepen* 
dently of this circumstance, no particular afiinity can be traced between 
the friable and rather sandy shale of Scarborough, and the tough blue 
clay of Oxford and Wiltshire; and the fossils of both situations are yet 
but imperfectly known. It is probable, indeed, that my enumeration of 
the fossUs found in this stratum at Scarborough by Mr* Bean, Mr. Dunn^ 
Di\ Smith, and Mr. Williamson (previously to 1829), may be found more 
extensive than a similar catalogue of those belonging to it in the south of 
England ; and yet only a few years had elapsed since it was discovered to 
contain any. 



Cha? , X.] 



KELLOWAY ROCK. 



127 



The Kelloway rock agrees much better with its prototype^ both in 
substance and organic remains. It is, indeed, seldom that specimens of 
mixed secondary sandstones procured from neighbouring parishes are 
more simikr than some which miiy be selected from this stratum in 
Wiltshire and Yorkshire ; and so complete is the affinity of the imbedded 
fossils, that it might be easy for the most practised eye to mistake the 
one for the other. In Yorkshire the KeUoway rock is a mixed sandstone, 
containing some carbonate of lime and some argillaceous particles of a 
greyish-yellow colour, changing to greenish grey when wet, and to 
brownish yellow when much impregnated with oxide of iron. The dif- 
ference in its state of consolidation is singular : in some places it consists 
of loose unaggregated sand, containing hard, irony, and calcareous 
masses. At Hackness alone it is worked as a building-stone : it is there 
Tery soft in the quarrj^j and may be chiselled and wrought mtli the 
utmost facility. It has at the same time the property of hardening by 
exposure ; and, possessing both beauty and dumbility, is a very Taluable 
building-stone* Its durability is evinced by the condition of the stone in 
the ancient church at Hackness, which was probably built about the end 
of the thirteenth century ; and its good effect in ai'chitectiire may be seen 
to great adrantage in the new church and new museum at Scarborough, 
and especially in the Museum of the Yorkshire Philosophical Society, in 
the construction of which blocks of great magnitude have been employed. 

Its thickness is generally above 30 feet, at Scarborough 70 feet : the 
upper bed is usually very thick, hard, and irony, full of GryphtBtB^ Belem- 
nitm^ &c,, so as to be unfit for btdlding. In the quarry at Hackness, Ani- 
mmiites Btmcam^ A. Kaenigi^ A. miblmvis^ &c*, which so eminently charac- 
terize the stratimi, lie on the top of the rock just below the Oxford Clay* 
At Scarborough they lie a little deeper in the stone* On account of its 
comparative hardness, the upper beds of this I'ock project on the hill^sides 
beyond the slopes of the incimibent clay, and foi"m little buttresses be- 
neath those remarkable '* nabs " by which the calcareous giit is recog- 
nized in the vicinity of Scarborough* 

That stratum of the oolitic sends which in the south of Enghind 
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Mr, Smith named the " Corn brash " is well known to be a very variable 
rock as to its substance and thickness, but remarkably well characterized 
by its fossils* It is by their aid that we have traced this thin and other- 
wise unimportant rock, with hardly a single interruption, from Dorset* 
shire to Lincolnshire- But it does not reach the northern limit of this 
eounty, does not reappear beyond the Humber in the country about 
Cave, and, as already stated, is rather inferred than positively traced about 
Malton and Thirsk, It is therefore by organic fossils and geological po- 
sition alone that we can expect to recognize the Cornbrash on the coast 
of Yorkshire. By these characters it may be satisfactorily identified ; 
or, at any rate, a characteristic marine layer which marks the close of 
the estnarine condition of this part of the oolitic series may be admitted 
as a near equivalent in point of time. It usually appears as a single, 
thick, fissile, calcareous bed, lying almost in contact with the bottom of 
the KeUoway rock, but eminently distinguished from it by the nature of 
its substance and the shells with which it is filled. Without close atten* 
tion, so thin a layer can hardly be traced along the cliffs ; and it is 
therefore not surprising that its inland course is rather assumed than 
proved. In the romantic cliffs which overhang a part of New ton dale, 
however, this rock is very conspicuous* Below it is the carbonaceous 
series of shales and sandstones, already noticedj and the other members 
of the Bath-oolite group, whose northward extension is to be described 
in the next chapter. 



It may assist the reader who has followed the descriptions now given 
of the coast-sections from Filey to Scarborough, if he turns to the Map, 
p, 120, and considers the strikes of the beds and directions of the faults 
there represented. First he will remark a general conformity of the 
strike of the beds and the line of the coast, though to this are limited 
exceptions. The dip is generally inland ; the shore is wasted into bays, 
where, more than elsewhere, argillaceous strata or abundant drift have 
betrayed the seemingly rock -hound coast. Under Gristhorpe Cliff the 
estuarine sandstones and shales exhibit curious curvatures of outcrop in 
contrast with the straight lines of the marine beds. The faults in Red 
Cliff, Ewe Nab, and Scarborough Castle Hill run in parallel directions. 



Ceap, XO 



CORALLINE OOLITE. SEAMER, 



129 



Probably the two last-mentioned are parts of one line of movement, very 
strongly marked by vertical beds on the north side of Ewe Nab, and steep 
dips in Cayton Bay. Since this Map was sketched, the little island 
which was conspicuous at the north boundary of Gristhorpe Bay has 
been swept away ; but its rocky base remains to resist the tide. 

No part of the Yorkshire coast gives opportunity for observing a com- 
plete section of the Coralline Oolite* The lower portions of the rock, 
and the manner of their connexion with the calcareous grit below, are well 
exhibited at FUeyj and may be with some trouble observed in the Castle 
Hill of Scarborough. Passing inland we find at Seamer about 30 feet 
of the oolite, largely quarried for lime-burning. The uppermost bands, 
8 feet in thickness, are in thin and somewhat displaced layers (a common 
fact in oolitic coimtries) ; and the most superficial parts exhibit vertically 
disarranged fragments. The strata below, usually about 2 feet thick, are 
di\aded by softer marly partings^ and toward the bottom hollow spaces 
appear on one of these divisions ; occasioned by removal of the soft mate- 
riaL Water was the agent; and it is quite intelligible that such hollows 
may have been occasionally enlarged to the form and dimensions of a 
continuous cave, Hke that of Kirkdale. 
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Some of the beds are largely pisoKtic ; one 2 feet thick is almost com- 
posed of Montlwaltia and Tfiecomnilia^ justifying to some extent the 
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title of ** Coral Rag," so often used in the Bouth of England, Fossils 
axe not plentiful ; but Animmiitea^ Naiica^ Chemnitzia, Fema, occnir in 
the rock. The soft bands contain in some places many shells and echinital 
spines. 

There is no drift over these quarries; but close by the station the 
rock is covered by pebbly layers, 8 or 10 feet thick, dug for ballast, in 
which, close to the rock^ I obtained fragmenta of ordinary littoral shells, 
150 feet above the sea* 

Similar characters appear in the oolite quarries along the north side of 
the Vale of Pickering ; and in the valley xmder the old castle, north of 
this town, the upper surface of the rock is seen to be covered with 8, 10, 
or more feet of the grey sands and sandstone, which here constitute the 
upper calcareous grit. Near Kirkdale and Helmsley the same general 
characters are recognized ; and there, as every where in this oolitic district, 
large joints, mostly ranging to the N.N.W., and nearly vertical, divide 
the mass of the rock, as in the following diagram. 
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Quany of Oolite near Holmsley. 

At fi is a hemispherical excavation for pre-Boman burial, such as are 
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not uncommon in dry situations on gravel or over rock, both iu North 
and South Britain. 

Near Malton about 60 feet is the fair measure of thickness, though 
rarely more than 30 appear in one quarry. On the road from Malton to 
Settrington, a large quarry in the middle part of the oolite, remarkably 
poor in fossils, gives beautiful crystals of carbonate of lime, in cavities 
from which Coral has been dissolved away. 

SeOian of C<deareou8 Orii at EuUan Ambo. 

Oolite abore. 



Calcarecmsgrit. 



Orit and sandy alternation, 49 ft. 9 in. . ^^ 



Sandy beds passing to Oxford Clay, 22 ft. < 
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The lower part of the calcareous grit, which is not easy of access in the 
steep cliffs of Gristhorpe and Redcliff, or in the north front of Scar- 
borough Castle Hill, can be seen in the interior about Lastingham and 
in Newtondale, and along the west front of the Hambleton hills, 
but nowhere so conveniently or completely as on the railway at Hutton 
Ambo, west of Malton. Here about 80 feet of hard and soft sandstone, 
(the former prevailing above, the latter growing thick below) furnish a 
complete transition from the sandy Oxford Clay below to the partially 
sandy oolite above. The uppermost part, 9 feet thick, is irregularly oolitic, 
and it is succeeded above by ordinary oolite, and in places pisolitic rock. 
None of the hard beds of sandstone below exceeds 4 feet in thickness ; 
the lowest observed is 2 feet thick, and is covered by 20 feet of sand, 
indicating the change from the Oxford Clay below. This deposit is here 
remarkably poor in fossils ; while, on the contrary, about Hovingham, 
Castle Howard, and Birdsall it is rather rich. 
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CHAPTER XL 



CLWieS NORTH OF SCAEBOROUGH. 



From low-water mark on the shore, beneath the drawbridge, the Upper 
Carbonaceous series rises gradually, till at lengthy the Cormbrash having 
terminated, it possesses the whole stratified portion of the diff ; but a 
great quantity of diluviid clay and pebbles lies upon it, thickening towards 
Peaseholm beck. In one of my visits to Scarborough X made a careful 
examination of these sandstones and shales for the purpose of disoorering 
plants, and found a considerable mimber of zamiaceous leaves, which 
differed in some respects from those which are more frequent in the 
middle and lower shales ; but they were in bad condition. This was not 
far from the place where the pleasure-pier now projects from the cliffs, 
The hill beyond the beck, on whose slope are some entrenchments, com- 
monly termed Oliver's battery, is likewise composed of diluvium resting 
on shale and thin sandstones ; and this character continues to the open- 
ing at Scalby beck. Here, on both sides of the stream, is a very inter- 
esting occurrence of granular iron-ore, like the coeval deposit alr^uiy 
mentioned at Gristhorpe, in a solid nodular bed interlaminated with the 
sandstone. On the shore at different points north of Scarborough mag- 
netic iron-ore in small grains abounds. It is supposed to be derived from 
the drift. On the thin sandstones near Scalby beck are found both the 
slender and the digitated leaves which have been referred to ferns under 
the genera Cyclopteris and Spkenopteris ; but neither of these titles 
appears to be correct. 



The cliffs from Scalby beck to the projecting point south of Cloughton 
Wyke are all less than 135 feet in height, and, as wiU be seen by the 
colouring of the section, are aU composed of diluvial sand and sandstone 
gravel, resting upon shale and sandstone. The sandstone forms a series 
of low-water sears, on which it m interesting to trace the contrary 
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courses of the beds, depending on their irregular flexures and inclinations. 
Before arriving at Cloughton Wyke the lower and thicker beds of sand- 
stone above mentioned rise to the summit of the cliff, and leave the shore 
to be occupied by the argillo-calcareous and sometimes ooUtic beds, full 
of shells, which correspond to the Grey Limestone series of Gristhorpe 
and White Nab. The rocks here laid bare in the cliffs and on the shore 
lie in the following order : — 

g. Block sandstone, on the top of the cli£F, irony, and often spotted with carbo- 
naceous fragments. 

Shale, which wastes from under it. In the upper part principally lie the iron* 

stone balls. 
Nodular, rather shaly calcareous bed, fiill of shells, 5 or 6 feet; the joints sparry 

and ochry. 
Shale, 1 foot 6 inches. 
Nodular bed like c, fiill of shells. 
Shale, 2 feet 6 inches. 
Soft calcareous layers full of shells, 

e. Series of fissile and solid sandstones, ironstone, and shale-beds, here and there 
containing plants. Some beds wa^ed like the tide-worn sand; others ftdl of 
ramified masses very like but smaller than those in the calcareous grit. 

These beds continue rising in the cliffs which encircle the bay of 
Cloughton Wyke, where incrustations happen from the water falling 
over them, and, beyond, ascend toward the summit of the far loftier cliffs 
between Cloughton and Haibum.Wyke. At a point about 200 yarda 
north of the Wyke, or deepest indentation of the coast, we find in the 
cli£&, which exceed 100 feet, and in the shore strewn with large fallen 
blocks of sandstone, the excellent section which follows : — 
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Below is a series of sandstones and shales, with some ironstone, jet, and 
carbonized plants. The northward rise continuing, some of tJiese beds 
may be examined in succession ; but the lower beds cannot well be traced 
toward Haiburn Wyke, though the cliff is 331 feet high, because of a 
slip or sunken portion of the precipice much oyergrown with shrubs and 
disguised by loose blocks. Where the cliff rising from Cloughton Wyke 
attains a height of 240 feet, a little colliery was formerly worked in the 
shales below the grey limestone, the coal being mostly derived from 
Equisetites, It was found to be 1 foot thick. 

This coal-seam, beneath the grey oolite, has been pretty extensiTely 
B^rought in the interior moorlands, as at Maybecks on the Sneaton estate 
near Whitby, and in Danby beacon. 

CUff$ between Cloughton and Uaiburn Wt/ke. Haiburn 

J Wykft. 




e 4 

Tb? dear batidH ai^ oand^tone^ tbe shaded bands «bale ; / the grey limeKtone; d^ the MllleporeK>olit«. 

There is a dislocation, perhaps a double one, at Haibum Wyke ; and I 
am not certain that the sandstone beds on the opposite sides are correctly 
referred to their respective relative situations ; but the section was drawn 
after three careful examinations of the place, If it is correct, there are 
two faxUts, one running on each side of the little insulate cliff which 
shows the strata turned up a few yards on the north side. 

The cliffs which begin on the north side of Haibum Wyke are loftier 
than any which have hitherto claimed our attention* They contimie 
rising with altitudes of 296, 387, and 497 feet, to the High Peak, which 
is about 585 feet above the sea. In the middle of this high range the 
uppermost rock (ff) is the carbonaceous gritstone so fi*equently men- 
tioned, and below it a series of limestone (f), shale (^), and sandstone, 
corresponding to those already enumerated at Cloughton Wyke. The 
Millepore-bed (d) was not observed by me in my former examination of 
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these Cliffs*. Lower beds than these (c) also appear at the northern and 
southern extremities, but are obscured in the middle by what seems to be 
a very extensive slip of the superior heights. 

As in a part of the Stainton cliffs the carbonaceous sandstone is seen 
lying upon the Oolitic series, whilst at Blue Wick and below the Peak the 
lias appears, we obtain by uniting the observations the following section 
of nearly the whole of the Moorland series of rocks : — 



faet 
iff) 40. Estuarme 



(/) 80. Marine . . 

{e) 120. Estuarine . 

{d) 10. Marine . . 

{c) 60. Estuarine . 



Carbonaceous grit^ contdning black shale in lumps and 
layers^ bits of carbonized wood^ and striated culms, but 
apparently different from those of High Whitby. This 
rock is quarried on the edge of the diff. 

" Shale of a dark colour. ^ 

Shelly limestone, with large short BelemnUes giganteus. 
Shale. 
Nodular shelly beds with fossils. 

Sandstones and shales, with coal and some ironstone. 

The Millepore-bed. 

Mostly sandstone beds, forming a rock about 60 feet thick, 
which may be traced without interruption from Haibum 
Wyke to the summit of the cliff at the Peak ; and from 
that point it appears on many of the cliffs to the north- 
ward, and in the interior moorlands, with much local 
variation and at different heights above the alum-shale. 



The series below, to the lias, varies much in the arrangement of the beds 
of sandstone and shale, and still more in their aggregate thickness : — 

fwt. 
(e) 200. A series of shales and sandstones in very frequent alternations, the former 
predominating so as to cause the cliff to waste, and generally to slope 
from the cap-rock above to the Sandstone series beneath; in a part of 



* In a recent trip from Scarborough, the situation and range of the Millepore-bed were well 
seen from the deck of a steamer by Mr. Leckenby, Mr. Woodall, Mr. P. Cullen, and myself. 

T 
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this 9enm, at Haibnni Wjke, he tomH ^mtt leMmUmg Cytmimeem, 
fernB, Equi$eta, kc. 

(e) 60* Grit rocks and thin thalea in inegnlar soooesaion and of Tariooa thiclmffiiacB- 
They generally appear thos : — 

20 feet of grit of a white ooloor. 

6 to 10 feet of shale. 

20feetofgrit; at its bottom is ironstone containing yarioos plants^ 

as Cycadiform fronds and ferns. 
10 feet of irony and carbonaceous shale. 

Conchiferous (Dogger) series analogous to the lower beds of the Inferior Oolite of 
Northampton, Bath, and Sherborne. This is best exposed at Blue Wick, and contains 
the following beds in downward order, as observed on several occasions before 1836 : — 

feel. * 

80. Fine-grained, yellow, micaceous, irony sandstone, in lai^e blocks variously bedded 
and jointed, containing several layers of pebbles and shells (represented in the 
enlarged section by dotted lines) ; the upper one very ochraceous and fiill of 
many shells, as Turritella muricatCj and T. cingenda, Actmon, Trigonia, Astarte, 
See. The top is very irony, but without shells. A parting of shale, iron- 
stone, &c. 

20. Fine-grained, yellow, micaceous sandstone, in blocks of various forms, with nests 
or irony masses of Serpuke, Linguke, &c., represented by dotted lines. 

20. Grey, soft, micaceous, argillaceous sandstone, mostly fissile, but not regularly 
plated like the alum-shale, to which it gradually changes in the lower beds ; 
dirided like the Lias by long joints, and filled with subramose masses of the 
same substance, not unlike the beds at Cloughton. These beds form the scars 
which stretch from Blue Wick a short distance southward. On their surface 
lie irony nests of Serpuke, BelemniUBf Avictda, Pinnee, &c. 

Below are the rough, sandy upper beds of Lias shale, which lower down 
become regularly fissile, and are frdl of Ammonites, Belemnites, unioniform 
shells, &c. 

On the oocasioii of my latest visit to this interesting spot, in ISB?, with 
mj finends Dr. Gookson and Mr. J. E. Lee, the following section of these 
Dogger beds was drawn, without reference to what had been observed on 
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Grey sandstone 



Grey aandstone, paning to Liat 



Upper lias 




Ironstones dispersed. 
Bands of fossils. 



Pebbles and fossils. 
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Uneren top. 
Kests of shells. 
Fucoids. 
B. VoUzii. 



Fossils manj. 



B. VoUgii; eoorcrted to oxide of iron. 
JlMiUmrL 



B. Voltni. 



Lias Clifps. 

From Blue Wick, where it first appears, the Lias formation is seen 
along the whole shore by Whitby, Bonswick, Staithes, Boulby, and 
Saltbum, and is everywhere washed by the sea, except in the space 
between Whitby and Sandsend, where it is depressed by extensive dislo- 
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cations. In consequence the cliffs assume a different appearance from 
those ahneady described, and present different phenomena. Stupendously 
abrupt and separated by a very narrow space from deep water, it is often 
hazardous, and sometimes impracticable, to examine them from beneath. 
They vary in altitude, according to the character of the inland country 
and the pile of strata in the cliff. The great height of the Peak is owing 
to the truncation of the high ridge of Stow brow ; and the superior 
elevation of Boulby is accompanied l)y an accumulation of the sandstone 
rocks at the top. There is no examplcj from the Peak to Saltbumj where 
any rock as high as the Millepore-bed appears in the cliff. Some of 
these strata do, indeed, appear at a short distance inland, as the oolitic 
limestone near Hawsker bottoms ; but they never reach the sea-shore ; 
and in our future descriptions we shall therefore notice only the sub- 
divisions of the Lias and the variations in its sandstone covering. 

Proceeding northward from Blue Wick, we find the lias rising with 
extreme regularity to some distance beyond the Peak house, where it 
attains an elevation of 270 feet above high water. A sunken portion of 
the precipices here forms an undercliff, and leaves only the upper part of 
the Lias exposed below the conchiferous and plant-producing beds before 
described. But immediately beyond the scene changes ; a great dislo- 
cation has happened ; and the Lias beds are uplifted on the northern side 
of it to such a degree that some conchiferous beds, which are usually 
300 feet deep in the Lias, appeal* considerably higher than the top of that 
formation on the south • This wUl be readily understood by referring to 
the section. 



The uppermost of the beds thus exposed on the north side of this great 
dislocation belong to a thick series of sandy and irony conchiferous strata, 
which divide the Lias clay or shale into two principal parts, henceforward 
to be termed Upper and Lower Lias Shale. The highest part of the 
upper shale, as being peculiarly appropriated to the production of alum, 
is termed the alum^shale. The interposed irony and shelly strata are 
identical in geological characters with the marlstone and some associated 
beds of Lincolnshire, Rutland, and the midland counties, now commonly 
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termed "Middle Lias*" In all these ojunties the marlstone is wonder- 
fully prolific in fossile ; and it is equally productive in the Ycffkshire cMs, 
At the Peak about 40 feet of this series appear, and yield abundance of 
Rhynchonell€B^ Detital'm^ AvictdiB, &c. Below th^e sandy beds is an 
immense escarpment of more than 300 feet, composed of the deeper Lias 
shale, with many layers of ironstone resting upon more solid floors of the 
same strata. In these solid beds, the lowest probably which are exposed 
on the whole coast, we find the Gryph^a iucurva^ which so generally 
accompanies the inferior beds of Lias in the south of En glands and Beletu- 
nites amduB^ one of the earliest species of this family of cephalopods. 



Henceforward to the town of Robin Hood's Bay, the cliffs are composed 
of the deeper lias shale, in nearly level layers, surmounted by a variable 
covering of diluvial clay and pebbles. At low water the ranges of the 
strata are seen in grand curves sweeping across the whole extent of the 
bay. Beyond Baytown the cliffs increase in altitude, and a rapid decli- 
nation of the strata towartls the north is observed for the space of three 
miles. In consequence of this the deep shale sinks into the sea at little 
more than a mile from Baytown, the marlstone beds and ironstone beds 
above them have all dipped and disappeared in about two miles, and from 
there to Whitby the shore is kept by the Upper Lias Shale. So great 
is the depression, that between Hawsker bottoms and the place called 
High Whitby, the carbonaceous sandstone above the Lias stoop very 
nearlv to the water. The solid beds of subcalcareous sandstone and 
ironstone (which constitute the Middle Lias series) form prominent scarK 
where they sink into the sea ; and their blocks, which arc scattered at 
the foot of the cliffs, may be advantageously examined for starfishes and 
fossila The ironstones are too thin to be of much value in presenc** 
of the richly ferruginous districts of Eskdale, Kettleness, Staithes, and 
Cleveland. There are more than a dozen distinct layers, making toge- 
ther about 7 feet in thickness, enclosed in shales about 70 feet thick*. 

* This MarbtOBe and Ironstone series baa been carefQlly measured bj- Mr. Simpsoa, whcj 
gi^ee A totol of 137 feet 11 inches — 79 feet 3 inches for the ironstcme, and 58 feet 8 inohei for 
the Mftrlstone group. The ironstone beds are counted to sixteen^ aud tbdr total tbickncM 
7 feet 3 ittcbes. 
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The highest point of the coast between Baytown and High Whitby 
(276 feet) is ^narked by the termination of the Dogger series. This irony 
sandstone, though at Blue Wick on the south of B/obin Hood's Bay it is 
so rich in fossils, does not here contain a single sheU, and is very thin ; 
but the sandstones which succeed above contain the same plants as at 
the Peak. To convey an accurate idea of the succession of strata above 
the lias and beneath the cap sandstone, the following details, at points 
marked in the section, wiU be found sufficient. 

At the point where a road leads down the cliff from Hawsker bottoms 
we find the lias shale covered by 60 feet of sandstone, coal, shale, and 
Dogger, arranged in the following order : — 

Strong slaty gritstone. Shale. Strong slaty gritstone. Shale. Slaty sandstone. 
Coal-seam. Shale and gritstone, with marks of coal. Alternations of sandstone and 
shale. Irony bed or Dogger. Upper shale, 100 feet. 

At a point nearer High Whitby the series of sandstones and shales 
is much more complicated; the following account was very carefolly 
written on the spot : — 

ft. in. 

Loose blocks, sandstone, ironstone, shale, &c 20 

Coal 8 

Grit^ with vertical carbonaceous marks (coal-pipes) ... 4 

Irregular sandstone 5 

Shale and ironstone 12 

Sandstone 8 

Alternating shale and white sandstone-bands 9 

Sandstone 6 

Shale and thin sandstones 8 

Sandstone, slaty 2 6 

Coal and irony knots with shale 10 

White sandstone 2 

Shale 6 

Wedge-shaped grit rocks firom 20 to 80 

White sandstone and coal, with vertical pipe-marks . 5 to 20 

Shale 4 

White sandstone 2 



Chap. XI.] HIGH WHITBY. 143 

ft. in. 

Shale 4 

Layers of sandstone 3 

Shale 12 

Here a coal-adit enters into the fitce of the cliff. 

White sandstone and plants 2 

Irony Dogger bed 2 

Alum-shale 30 

Passing inward at this point along a small beck, we find an old kiln, 
where lime was burnt from shelly beds, by estimation about 260 feet 
ftboye the Lias. The section, as observed in 1824, was : — 

ft. in. 

Shale^ with ironstone 8 

Limestone, with Avicuke and other shells, and some balls 

of ironstone 6 

Shale 8 

Slaty sandstone and shale. 

At a point called High Whitby, 285 feet above high water, sandstone 
is upon the top, and ten or more alternations of shale and sandstones 
may be observed between it and the Uas. A sandstone bed, 74 feet 
below the summit of the cliff, is remarkable for containing a great 
number of cylindrical fossil plants, jointed across like canes, or rather 
like Equiaeta, and furnished with a denticulated striated fringe or sheath 
at every joint. They are called by Mr. Konig Oncylogonatvmj by 
M. Brongniart Equiaetum columnare. They are situated vertically in 
the beds of sandstone, are broken off or imperfect above, and seldom 
reach to the upper surface of the bed; they are also broken off below, 
but commonly pass to the lower surface ; and some of the lower joints 
nearest the roots are found in the subjacent bed of shale. These appear 
ances have led to a probable conjecture that the plants are preserved in 
the place of their growth, that the shale served them for soil, and that 
they were buried by an influx of sand and water. A different hypothesis 
suggested itself formerly to myself, alter seeing plants transported by 
inundations and floating down the streams in a perpendicular position, 
in consequence of the superior specific gravity of their roots. I am now 
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satisfied that in several cases on the coast, as at Gristhorpe, Cloughton* 
and Haibiirn, Equketa Tvere prostrated and buried in abundance near to 
the spots where they formerly grew, and that here and there a few stems 
appear erect in the attitude of their marshy growth. 

Proceeding from High Whitby, the cliff falls gradually toward the 
norths and at the same time the Lias rises to the height of 100 feet above 
the sea. From High Whitby northward, though the sandstones and shales 
vary much in thickness and colour, we may notice that the thin coal- 
seams arc always most decisively marked, and most alluring to the ad* 
venturer, in the neighbourliood of the fossil plants which lie above the 
irony Dogger bed. These plants consist wholly of what are believed 
to have been allied to Zamia^ and ferns of several genera. They 
lie in uneven^ thin, white sandstoneSj alternating wnth black micaceous 
shale, and in ironstone, which is traversed by a white aluminous earth of 
the same nature as that previously noticed at White Nab, near Scar- 
borough, The Dogger bed beneath them is a very singular layer, of 
inconstant appearance and varjdng substance- Sometimes, and indeed 
generally, it is a very irony nodular sandstone ; hut in other places, and 
particularly towards Whitby, it contains small pebbles of limestone, 
blende, small red ironstone, &c. Towards the bottom I have in some 
places seen it full of limestone pebbles (Lias ?), and under these a layer 
of large and small ironstone balls. 



Saltwick, 

No part of the Yorkshire coast is more instructive in regard to the 
Upper Lias than the cliffs and scars of Saltwick, where the alum- works 
were formerly established. Here a bold promontory and a conspicuous 
island, formed of dark Lias, offer uncommon facilities for examining the 
whole section, and collecting from each layer of the rock its character- 
istic fossils, especially Ammonites and Belemnites. The Whitby Museum, 
under the care of Mr. Simpson, is particularly rich in these beautiful 
objects. The following is an epitome of my observations made at Salt- 
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wick, during many repeated visits in the course of half a century. The 
later examinations (1864-73) were mainly intended to determine the 
exact thicknesses of the beds and tlie distribution of Belemnitea in the 
Upper lias, from the "Dogger" downward to the "jet rock/' 




Saltwick, from the south. 

In descending from the encircling clilTs to the great hollow in which 
the alum-works were situated, we pass over the thick cap rocjL of sand- 
stone (G) and thinner alternations of sandstones and shales, with plant- 
remains («), to the Dogger (D), and below this are able to trace, with no 
great difficulty, the uppermost bands of Lias with cement nodules, Leda 
ovfrnij and many Ammonites, and more easily much lower beds of Belem- 
nites and Ammonites, till in the extreme scars which are prominent at 
low water, the jet rock and hard shales oppose a slowly yielding barrier 
against the sea. 



The following is the section of all the beds here visible : — 
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Cap grit G 



Alternations of sandstone 1 ^ 
and shale J 



Dogger * ^ 

Cement nodules c 



Lumpy bed L 

Irregular nodules I 

Flat bed F 

BaU bed B* 

Red bed R 

Spheroidal balls 3* 

>yritou8 balls B» 




■^3^ * — 



s«CocaC3C ACsOOk^ 



U.i..L. 









Jet bed.... 
Hard shale 



)^ft shale . 






/^■'rhr 




Irr^^larly stratified. 



Occasional coal bands. 

Plants occasionally. 
Ferruginous. 

Ammonites bifrons. BelemniUt Voltzit. 



>34 



^34 



...18 
rSv| fi Amm, ovatus, Bd, vidyaris. 

...18 

Bel, suhieiiuis. 



^ 



y32 Bel tubularis. 

BeL Uevis, 



Amm. MuJgravius, 



J>.oO Bel, tripartifns, 

Amm. annulatus. 
► 25 Bel. cylindncus. 



The Ironstone series comes in below the soft shale. 
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Cf. The rocks lying over the Dogger are about 60 feet in thickness^ the upper 
portion being mostly solid sandstone, the lower part (s) composed of alter- 
nating sandstones and shales, partly carbonaceous. Zamiacea. 

D. The Dc^ger is of the composite mineral character usual in it about Whitby, 
with uneven surfiices, on which, and under which, appear excrescences 
usually more ferruginous than the mass. In the firont of this cliff, some 
large irregularly spheroidal masses appear at intervals below what may be 
called the regular band. I observed no fossils in this rock, which altogether 
is 4 feet thick. 
Grey alum-shale, the upper part a little sandy, with few or no fossils. At 
about 5 feet depth layers of small limestone nodules appear, and continue 
for about that space in sufficient plenty to be worked for the making of 
" cement^' (c) . Lower down the nodules are fewer, and admit a larger pro- 
portion of carbonate of iron, alumina, and silica. The shale is pyritous. In 
this part of the Lias Ammonites are in plenty, especially A. communis and 
A. bifrona ; Leda ovum is in abundance ; and Belemnites VoUzH and B. vul- 
garis may be collected on the scars toward Whitby by hundreds. Saurians 
are infrequent. The thickness varies from point to point, chiefly by changes 
in the upper part, which in some places admits sandy parts analogous to 
those of Blue Wick, and elsewhere loses all trace of these. My estimates 
give 34 feet for the thickness where greatest. 

L. A conspicuous but very irregular band, occasionally swelling out into lumpy 
masses, more calcareous than most of the hard layers which occur below. 
Dark alum-shale, 34 feet, with an irregular band of nodules. It is not rich in 
fossils. This appears to be in some cases the lowest bed worked for alum. 

F. A thin bed of ironstone, somewhat remarkable for continuity, 4 inches thick. 
Dark alum-shale, 16 or 18 feet thick, somewhat harder than the strata above. The 
fossils are chiefly Belemnites, of which a kind of bed is formed 3 feet below 
F. There is also a bed of Belemnites 1 foot from the bottom. Both are of 
limited extent. AviciUa, 

B*. An irregular, frequently double band of subcalcareous nodules, large and small, 
lumpy, spheroidal, or flattened, ^ to 1 foot. 
Dark firm shale, 16 or 18 feet thick, poor in fossils ; Belemnites occur near the 
top and bottom. 

R. Dark hard reddened shale-bed, occasionally changing to a ferruginous band, 3 
to 6 inches. 
Hard dark shales, 12 feet thick, containing Belemmtes tubtenuis, Inoceramus 
dubiui. 

B^. Band of remarkable flattened spheroidal balls. 

U2 
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Hard dark shales^ 20 feet tUck^ with numerous fossils^ often pyritized. Ammo- 
nites Mfdffravius, Belemnites tubularis, Inoceramus dubius, Extracrinus. 
B*. Band of irregular balls, pyritized. 

Grey hard shales, 20 feet. 

Hard shale, 10 feet thick, with calcareous concretions, considerable portions of 
jet, Belemnites tripartitus, TViffonellites, &c., stands firm against the sea, but 
is broken up by workmen who seek the jet, which is here of good quality for 
manufacture, and imdermined by the sea, which acts with energy on the 
shales below. The beds below are hardly seen at Saltwick, but are added 
to complete the section of Upper Lias. 

Hard shales with large nodules in the upper part, 20 feet. 

Soft shales, 20 or 30 feet thick, and containing Belemnites cylindricus. 



Abbey Cliff. 

Leaving the picturesque cliffs and hollows of Saltwick, we find on pro- 
ceeding toward Whitby the lias sink beneath a load of sandstones and 
sliales, so as to bring the Dogger to the shore-line. Here an interesting 
junction appears, of which the following is a brief notice : — 





ft. in. 

[ 1 
[ 2 

3 






Shale, dark. 


Hhale 




Plant-bed. 




Shale, pale pipy. 


Dogger 


r^A^ 


v.\/. 


Top femigmous and undulated. 
Ironstone lumps on the bottom. 

Scattered ironstone lumps. 


Shale with .. 


8 


• 






f 


• 


-^ 


Belemnites Voltzii, 


Shale with ..< 


2 
2 
1 

1 

2 


9 est 

• • • 


• • • 

• • 


Ammonites bifronSj A, crassus. 

Bel-emnites, 

Leda otnim, Amphidesma recurvi 

Band of nodules. 

Nodules. 



Some of the Amphideamata appear in the attitude of life. 

Near this a lenticular expansion of grey sandstone (S) appears imme- 
diately in contact with the Dogger (D), and yields many ferns and Palca- 
nidH-dearly a case of limited drift with false bedding. Above lies a 
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layer of dark shale and plants (P), and then a parallel band of sandstone 
(S'). The Dogger rests immediately on the Lias (L). 



s 

L 



As we approach the harbour, the lias rises to one third of the height 
of the cliff, and forms a very broad scar, richly filled in particular bands 
with Belemnites, Ledm^ and Ammonites. The scar and cliffs come 
suddenly to an end against a long Une of fault directed north and south, 
by which the rocks are depressed under Whitby harbour and for the 
whole space westward as far as Sandsend, whei^ a fault in a parallel di- 
rection lifts the same strata to about the same eleyation. 

This great dislocation extends a considerable distance up the valley of 
the Esk. Its effects are very remarkable at the sea-side. On the east 
side of Whitby Harbour is a perishing cliff of the upper alura^shale, on an 
extended basis of dangerous scars ; but on the west side of the water is a 
worn rock of sandstone, under a coyer of glacial drift, overlooking a 
beach of sand. The exact amount of the depression occasioned by this 
fault cannot perhaps be determined ; but I estimate it to be not less 
than 150 feet. 

Between the cliff which supports Whitliy Abbey, 185 feet above high 
water, and that where the Lyth alum-works are established, 190 feet, the 
strata are depressed by the before-mentioned fault, so that the Xaas shale 
is almost wholly below the level of high water, and the cliffs are composed 
of sandstone and shale, covered by a very abundant deposit of diluvial 
clay and pebbles. The highest point between XJpgang and Whitby is 
about 30 feet below the abbey ; but generally the altitude is less than 100 
feet. Where the road from Sandsend turns up toward Dunsley, and in a 
little watercoui'se, the Dogger, somewhat richer than usual in this part 
of the coast, appears over the Lias, of which only the uppermost portion 
shows itself above the sands. I found no fossils in either Dogger or Lias 
here. The clay-drift seen up this valley includes a parting of sands and 
pebbles; but a much greater thickness of more continuous sands mnges 
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along the front of the clifPs, especially on the west side of Upgang. It is 
an elevated old sand-beach, like what is now spread at the base of the 
cliff. In one place it is not less than 50 feet thick. I found no shells 
in this deposit. 

At Sandsend one grand effect of the upthrow-fault is the elevation of 
the prominent cliff, which supports the alum-works, and is based on 
broad scars of harder Lias. Here, under a cap of 60 feet of sandstone and 
shale, with traces of plants, we find the Dogger, 6 feet thick, formed in 
two beds with a parting of irony shale, or what may be termed three 
beds, the middle one being composed of irregular irony nodules. Below 
the proper alum-shales, which are about 70 feet thick, the bold cliffs 
below present much the same series of hard shales with subcalcareous 
and ferruginous balls, and jet-beds with accompanying nodules, as at 
Saltwick. These cliffs, it is probable, furnished to the Bomans the jet 
which was employed in ornaments, their station of "Dunum Sinus** 
(Dunsley Bay) being conveniently near. The layer of spheroidal balls 
noticed at Saltwick is even more remarkable here. The distribution of 
Belemnites and Ammonites in the shales and bands of nodules is the 
same as at Saltwick ; pyrites occurs in the Mulgravian band, petroleum 
in the hard shales above the proper jet-bed; and large subcalcareous 
nodules and floors diversify the hard platy shales immediately below. 
According to my estimates the total thickness of the shales above the jet 
band is about 140 feet. 

Sandsend. 



Hard shales with spheroidal balls, &c» < 



Jet rock . . 
Hard shale 



Soft shale . 



O c^ O 




Ammonites Mtdgravius, Belem- 
^ nites hxvis, B. tubularis. 



Ammcnites annulaius, 
Belemnites eylindrums. 
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Where a small valley divides the cliff beyond the Lyth alum- works, 
we observe rising from the water a portion of the shale, apparently more 
compact than the rest, and bearing much better the action of the sea. 
It is consequently much scooped into caves and fantastic projections, 
which are never seen in the softer shale above and below. On the cliff 
top the sandstone cap ranges uninterruptedly to Kettleness alum-works, 
and in the highest point is not less than 371 feet above high water. Here 
the sandstone, shale, and Dogger, above the Lias, are together 100 feet 
thick. 

At Kettleness, from the sandstone rock just above the alum-works to 
the lias scars beneath, the following section was constructed in 1828 : — 



Carbonaceous series 



feet. 

Cap sandstone nearly 50 

Sandstone traversed by ochry veins . . ^. 

Shale > DoooEK . . 4 

Irony stone, in nodular masses and beds J 



r Upper Lias shale^ including the " mine'' 150 

Upper Lias series . . •< Hard shale, with layers of calcareous nodules .... 30 
l Soft shale 20 

-^^,- - . J Alternations of ironstone beds and shale^ forming pro- 

\ jecting scars 20 

In subsequent visits the lower parts of this section w^e measured and 
remeasured, once in company with Dr. Cookson and Mr. Lee ; in fact 
one never tires of studying the circumstances of the transition from the 
highly ferruginous beds and nodules below to the partially or- completely 
calcareous layers which divide the Lias shales above. 

The whole of the upper part of the Lias section corresponds with that 
at Sandsend and Saltwick, in the succession downwards through cement 
bands and lower parts of the alum-shale, the hard bands, jet rock, and 
shales below ; and similar fossils lie in the same strata. The following 
were the groups finally adopted on the 25th of September, 1867 : — 
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Upper 
Lias 



.. , . , . r Hard shales with balk. 
Hard shale and! . 



jet series 



1 



Jet rocks and balls. 



Soft shale series^ 
32 feet. . . 



L Hard shales 

r Soft shale . . 
Platy shale . . 
Shale and balls 



Platy shale . . 
Hard platy shale 



ft. 
15 

1 

9 

1 
6 



in. 











^' 



^■^ 



Ironstone^ 12 ft. 
6 in.^ and shale^ 
9 feet 10 in. . 



" Irregular balls . 8 in. to 1 

Skerry shale 2 6 

Shale 3 6 

Ironstone balls .... 6 

Shale 17 

Ironstone 2 

Shale 2 8 



Ironstone^ thick bed ..36 
Five-band series of iron- "^ 

stone, forming extensive ^5 6 

scars .... 



Several scattered ball- 
courses. 

Long straight joints. 

One irregular ball-course 
at top, and one in the 
middle. 

Amm. HawskerenHs [ipinatm). 

Belemnites. 

Amm. Hawskerensis. 

Pecten subksvis, Y. & B. 

Bel. acuminatus. 

Pecten €Bquivalvis, Belemnites, 

Wood. 
Amm. Hawskerensis. 



r 



22 4 



The ironstone and shale in the following section appear in their rela- 
tive proportions : — 



Kettleness. 



Ironstone baUs 

Ironstone balls 
Ironstone bed 



Ironstone bed .... 
Five-band ironstone 




Beyond Kettleness the cliffs for a considerable distance are much 
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encumbered with fallen debris, and the shore is less faTourable for 
research than at some otiier points. On my last visit I found the 
diggings for " oil/' which had been established on the shales connected 
with the jet rock, abandoned as unprofitahle. The petroleum sought is 
usuaily in most quantity above the jet rock, specially so called ; it is 
found in the joints of the rock, in the cells of Ammonites, and in other 
situations which seem on the whole suggestive of a process of distillation 
from carbonaceous eompoxmds in the strata below. Something of the 
same kind may have happened in the coal strata of Butterley, where one 
of the beds is uncommonly rich in petroleum ; and perhaps we may extend 
the hypothesis to the bitumen of the Derbyshire limestone and the 
retinasphalt of Highgate, 

In the depth of the beautiful bay which expands between the promon- 
tory of Kettleness and the craggy cliffs of Runswick, the hard Lias shales 
sink to the shore, and are sufficiently bent to be entitled to the term of 
arched rocks, which were more conspicuous fifty years ago than they are 
now. 

From this point to Runswick the beach is sandy, and the low and 
broken cliffs are mostly formed of thick masses of drifted clay and 
pebbles — which lie abundantly in the great hollow, much as they do in 
other such places along the coast, but appear only in thin and partial 
patches beyond the cliff-line. 

Not far from the new hotel, situated above the romantically placed 
^-illage of Eunswick, the cliff is about 250 feet high, and the sandstone 
cap is seen upon the Upper Lias shale. The little valley or gully, which 
is here scooped in the steep descent, exhibits imperfect but, I think, 
satisfactory traces of a fault or dislocation, the strata being higher on the 
north side by about 40 feet. 

The sandstone rocks there rim out northward, and afterwards sweep 
round to a concavity called Rosedale Wyke, where ironworks were estab* 
lished (under some physical difficulties) at the edge of the sea a few years 

X 
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since. The cliff is here 300 feet above the sea ; and the section may be 
read with certainty to the water's edge. It corresponds in all essential 
points with those abready noticed at Sandsend and Saltwick; but the 
Dogger is here a workable bed of iron-ore, and the bands of ironstone 
below the Upper Lias come again to day and were found useful in the 
furnaces at Newcastle-on-Tyne, to which in former years the Yorkshire 
ironstone was liberally if not very largely supplied. 



Bosedale. 



Ironstone nodules . . . 

Ironstone bed 
Ironstone bed 
Five-band ironstone 




The ironstones worked at this interesting locality were thus recorded 
(September 16, 1867) :— 



Ironstones^ 12 ft, 
9 in.^ and shales^ ^ 
6ft. Sin. . 



ft. 

Ironstone nodules 

Shale 4 

Ironstone-bed 2 

Shale I 

Ironstone 4 

Shale 1 

Five (or even six) bands of iron- 
stone^ with thin partings of 

shale 5 



m. 
6 

3 

6 
3 



6 



19 



On comparison with the 
beds at Kettleness the 
total thickness of shale 
is less at Rosedale^ but 
the ironstones nearly 
of the same thickness 
at both places. 



Continuing our course along the shore, with frequent opportunities of 
examining the soft shales above the ironstone, and a constant capping of 
sandstone and Dogger rising to 800 and 320 feet, we cross a bay of some 
breadth, in which the strata are depressed till the point called Old Nab is 
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reached, where they rise to the west with a sensible inclination, and 
disclose one after the other every bed of the ironstone series. 

The sandstone rocks pass inland ; the hard shale forsakes the base and 
ascends the cliff ; whilst from beneath it, first the soft shale appears, and 
afterwards the ironstone courses, in the same order as at Kettleness. A 
little bay not feir from the tumuli exhibits a very pleasing scene at low 
water ; for then the ironstone courses, which there spread out from the 
diff, are visible over a wide extent, in a series of elegant flexures corre- 
sponding to slight variations of their declination. They contain multi- 
tudes of Bhynchonelke, Fectmes, Belemnita, wood, &c. Beyond they rise 
into the cliff, and may be traced towards Staithes, till their regularity is 
suddenly broken by an oblique somewhat complicated dislocation, which 
causes a depression on the north-west side of 15 feet. The section here 
exhibited consists, under the diluvial covering, of hard shale, soft shale, 
and ironstone beds ; and the extent of the dislocation may be accurately 
determined. 

The ironstone courses, which have been worked to some extent, may be 
examined with the greatest advantage in the cliffs and on the shore to 
the eastward of Staithes, for a space of three fourths of a mile, with the 
advantage of observing the superincumbent shales. These present hard 
shales with septaria and petroleum, jet rock and hard shale below it, 
and softer shales enclosing one hard bed, which elsewhere is ironstone. 
Then the ordinary ironstone bands appear. These, examined on five 
different occasions, have presented some local differences, partly laid bare 
in the workings, partly by waste of the coast. The foUowiog section, 
taken in 1867, gives a fedr average view : — 
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Irokstone 
Series . 



"^ Hard-bed shale, 5 feet. . 

Ironstone 

Shale 

IroDBtone, with shale iNurtiiigs ... 
Five inmstone beds in ahale 

Shale 

Shelly ironafeone 

Shale 

Ironstone 

Shale 




Ironstone 



Sandy shale, with five 
bands of scattered iron- 
stone nodules 



Mablstone 
Series . . '^ 



Laminated sandstone and 
shale, with occasional 
ironstone-balls 



Sandstone more solid, 
forming scar and part 
of cliff E. of Staithes 
harbour 




Mmss^ssi 




ft. in. 

2 31 Peeten cequivaMs, 

1 6 J MyaeUes recicrvus, 

4 6 

.... PeeUn cequivalvis, 

6 iVffofi #iiM«vi*. 

B«lemnito beds. 

8 

1 3 to 9 ft. Belenmite beds in and below 

this ironstone, with man j shells 
and large smooth Pectens. 

7 0^ 

2 
-^ ^ ^ Few Belenmites. 

2 



25 Cardium tnmcatum. 



Belemnites near the base. 



20 



20 Gryphata, 
.... Cardium truncatum. 



In the above section the ironstone courses above the marlstone are in 
all 16 feet 6 inches thick, and the shales above and below them (including 
the sandy portions below) are 45 feet 6 inches (including the hard-bed 
shale above the thicker ironstones 50 feet 6 inches). Total 62 feet or 
67 feet. The shales are in some places 8 or 10 feet thicker. 



The ironstone beds, with their accompanying shales, which have now 
been noticed at Kettleness, Biosedale Wyke, and near Staithes, present in 
general, at or near the upper part, a considerable and on the whole 
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unifonn thickness, though not equally divided : — ^12 feet 6 inches at 
Kettleness, 12 feet 9 inches at Rosedalej 12 feet 3 inches at Staithes ; and 
lower down» seen at Staithes only, three separated beds, each from 1 to 
2 feet in thickness, altogether 4 feet 3 inches to 5 feet- In the vaDey of 
the Eske, near Grosmont Bridge, two main b^s of these ironstones occur, 
and have been worked from early times: the upper, or *'Pec^^«-bed/' 
4 feet thick, including shale, corresponds to the 12-foot series of Staithes ; 
the lower, or " Avieula-hed^** 4 feet 6 inches thick, including shale> is 
represented by one of the lower beds at Staithes, They are separated in 
Eskdale by 31 feet of shale, including two courses of ironstone, 1 foot and 
^ a foot thiclL The Eston-Nab ironstone, 16 feet thick, corresponds to 
the 12 feet 3 inches at Staithes ; and there is below it a bed to match 
the AvieulU'hed or beds. 

On arriving at Staithes we find in the cliffs on the opposite sides of 
this harbour admirable sections of strata; and it is with surprise we 
perceive that they are quite dissimilar. The signal-cliff on the east has 
a diluvial covering, and beneath it : — hard shale, irony and nigged, with 
great balls of ironstone ; soft shale with a remarkable sulphurous line 
in it ; and the ironstone series, consisting of kyers of ironstone nodules 
and beds, alternating with shale. Quite at the base, and seen for a small 
area, are the upper sandy beds of the marlstone, as sbowTi in the section, 
Plate XX. In Colborn Nab> on the west side, we find also a diluvial 
covering, but beneath it, in the front of the cliff, a series of alternations of 
shaly and sandy b^s belonging to the marlstone, in some of which is an 
indescribable profusion of fossils, especially Cardium trmieatum^ Feciinee^ 
and Bentmlm ; and at the bottom the Lower lias shale, ^"ith layers of 
ironstone nodules. 

On the eastern side, at high water the sea rises to about the top of the 
marlstone; on the western side it is at or below the bottom of that rock,^ — 
a difference which, if attributed to a fault, would require an upthrow to 
the west of about 70 feet* In my early examinations this was the view 
adopted ; but the estimate of elevation was in excess. After repeated 
visits and additional measurements, I conclude that part of the difference 
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of lerel is due to the westward rise of the heds, whidi oontinnes from 
Colbom Nab toward Boolbj, and part to a fsuilt rangmg up the Staithes 
valley. I suppose the marlstoiie series to be 70 feet thick. 

The picturesque cliffs of Staithes offer most advantageous situations 
for collecting the fossils of the Yorkshire ironstone, marlstone, and part 
of the Lower Lias. Excepting the middle part of the marlstone in the 
front of the cliffs of Colbom and Boulby, it is possible to measure almost 
every bed in the series, and to determine exactly the concomitant fossils. 
Of all these fossils Belenmites are the most firequent, and, not excepting 
Ammonites, they are as characteristically different in the different strata 
as any. Belemnites cylindricus occurs in the soft shale above the iron- 
stones, B. breciformis and B. rudis in the ironstones, B. mtmimudia in 
the marlstone, B. pollex in the Lower Lias immediately below the 
marlstone. So of Ammonites — A. atmulatus above the ironstone, 
A. spmatus in the ironstone, A. margaritatuM in the marlstone, 
A. maculattis below it. Dimyarian MoUusks are too few to be used with 
safety, though Cardvum trtmcatum be almost strictly of the marlstone 
ai^e ; but Monomyarian Conchifers afford in the upper ironstones Pecten 
(BquivalviSi in the lower Avicula cygnipea^ in the marlstone Orypluea 
d^preaaa^ and below it Modiola acalpinmi. All these may be studied in 
situ at Staithes. 

The subjoined section shows the series of beds easily traceable in the 
lower parts of the cliffs round which the path (if it may be so-called) 
winds in passing Colbom Nab, and going westward : — 
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Lower parts of the marl- 
stone series in Colbom < 
Nab 



yxx/oooo<yi J 



Thin sandstones and shales, with 

thicker and harder beds more or 

. OA xh. less banded, with Pectines, Cardia, 

r^^' Qryphaa, Denialia, BeUmnit(f. 



OrypTuxa, Serpula, Belemnites, &c. 



[. 



Grey shaly sandstone 



ft m. 
12 



H^nA^^A^. yj<XX?COCC; 2 (?r^^band. 

Sandy sandstone 6 Ammonites spinatus. 

Ironstone j^oooooo oo q a 

^^y""*^ .' TL r '.-J -J 8 Three layers afffrKpAar,. 

^^ w "w •.^wwi Bdemnittt, Oryphoea. 
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, '0*0*0%%%% I 2 Ofuplu^. 

Shaly sandstone I 16 

Ironstones and shale , . . . \ 00 -c* • •• «♦ «^-' 1 4 Amm, manjariiatus, 
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Ironstone 

Shaly sandstone . . . . 
Ironstones and shale 



Grey shale, the lower part: 
hard, prominent 



Ironstone . 

Shale . . . 
Ironstone 

Ironstone 
Shale .. 



»«# ^ 000 O O 4 



25 BdemniUs poUeXf Modiola scalyrun 

8 

8 

4 

Spherical baUs 3 inches in diam.^ 



89 4 Thickness below Maristone. 



The dislocation at Staithes is the last which I shall have occasion to 
notice; for though the declination of the strata in the lofty cliffs 

* These have been picked up as cannon-balls I The layers of shale continne plane up to the 
spherical soz&oe. 
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beyond is variable and subject to flexures, there is no fault or break 
whatever. Another gerieral fact is, that the deeper shale, which sliowed 
itself at the foot of Colbom Nab, is uniformly found in the lowest parts 
of the cliffj from that point to Saltburn- It rises from Colborn Nab 
to\^'ards the precipices of Boulby, and there attains an elevation of about 
100 feet. It encloses nodules of ironstone in rather distant layers, and 
many fossils, as Belemnites, PlicatulUj Pecien^ Gryphma^ wood, &c, : 
from this height it sinks down to almost the level of the sea at the 
Lofthouse boiling-houses, and so continues across the bay at Skinningrave ; 
but further on it ascends, and in the loftiest point of HuntcUff seems to 
he 180 feet above high water. It falls again towards Saltbum, and 
terminates against the diluvial cliffs there at an altitude of about 50 feet. 
It appears, then, that nowhere on tliis part of the coast is the lower shale 
disclosed in greater thickness than 200 feet, whereas, in consequence of 
the great fault at the Peak, 300 feet are there seen in the cliff- Toward 
Staithes the low-water scars of this shale are rendered interesting by the 
singular appearance of the sandstone and ironstone masses, which look 
like mushrooms on Uttle pedicles of shale. They have evidently protected 
the shale beneath them from wasting. 

The sandy conchiferous marlstone beds, which in Colborn Nab cover 
the Lower Lias shale^ are seen rising with it, and contributing to swell 
the altitude of Boulby and RockcUE The lower part of this series is 
generally the most solid, and projects in broad compact floors above the 
Lias. On the surface of such beds lie innumeral>le multitudes of oysters, 
BentuUa^ Fectmes^ Cardium tmncatum, Avicula inmqumdvw^ and, 
about Staithes, beautiful fossil starfishes of the genus Ophiodemia. The 
marlstone may be weU examined on the shore from the boiling-houses of 
the Eockcliff works to Skinningrave ; for there the beds come near to 
the level of the sea : but along the whole coast fallen masses of this rock 
abound, and will richly reward the researches of the industrious collector* 
Above lie the ironstone courses which were noticed on the side of Staithes 
harbour. These range uninterruptedly across the fi*ont of Boulby and 
Eockcliff, and again show themselves in the highest part of Huntcliff. 
Still higher, in Boulby and Eockcliff, we trace the soft shales and hard 
shales with limestone nodules which were observed at Kettleness and 
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near Staithes ; on these lies the great hed of aluminous shale, which is so 
extensively worked ; and the whole is surmounted hy the sandstone cap 
rock. 

In Boulby cliffs, then, we have nearly the whole series of Lias beds 
which appear on the coast, and are enabled to verify in one almost 
vertical face the general section presented (p. 26), except the lowest part. 
At Boulby the ironstone has been worked ; both here and at the western 
end of the great cliff, alum-works have exposed all the Upper lias, and 
yielded abundantly fossils like those of Saltwick, with similar Ichthyo- 
saurian and Flesiosaurian remains. Near the top of B/Ockcliff the Dogger 
comes in ; at Himtcliff it crowns an interior hill ; in neither place is 
it worth working for iron. At Skinningrave, where the strata bend 
downward, the ironstone sinks to the level of the little rivulet, and is 
worked, with a thickness of 11 feet. It was cut through of about equal 
thickness in making the railway-curve round the front of Himtcliff, and 
is found spreading far inland to Skelton and Upleatham, Eston, Belmont, 
Kildale, and the Cleveland Hills. 

Huntcliff has the advantage of showing a greater thickness of the 
lower shale than 'Ro6kchff,withPlwatul(BfJ3elemmt(B, and Ammonit(B ; but 
its series is very incomplete above, the upper shale having retired inland 
beneath the beacon, where the Dogger is found. There is hardly any 
diluvial matter observable on the high summit of Bockcliff; but it 
occupies a large portion of the lower cliffs near Skinningrave, is in con- 
siderable quantity on Huntcliff, and gradually thickens toward Saltbum, 
till at length the lias formation is abruptly truncated, and the whole 
cliff is diluvial Henceforward to the Tees no regular stratum appears 
in any cliff beneath the diluvium ; but opposite B/Cdcar, at low water, the 
lower shale with characteristic fossils stands up in bare hard rocks. 
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CHAPTER XII. 

BILUViUM. 

Having now brought to a close the descriptions of the strata as they 
appear in the Yorkshire coast, it remains to consider in a general manner 
some of the questions which presented themselves in the course of the 
survey, and could not be fairly met by detached inferences suggested by 
separate data in different localities. One of these questions regards the 
" Diluvium " or " Drift," which is seen at intervals on the whole line of 
coast from the Humber to the Tees. The origin of the materials, the 
agency of their distribution, their geological date, and relation to actual 
and former features of physical geography and climate, have been already 
noticed here and there, but may now be considered in a more, general 
view. 

It will be seen by the foregoing descriptions that the supracretaceous 
deposits which are known in Holdemess, and present themselves on the 
coast, constitute altogether this general series : — 

{Lacustrine marls. 
Gravel deposit. 
Lacustrine marls. 

Upper Gravels Gravel, sand, &c. 

Laminated Clays and Sands • . " Warp^-beds. 

^ f Brown clays with fragments. 
Upper Boulder-clay south of I ^ , , , ,. , . 

*^^ . ^ < Sands and gravels (irregular). 

®^ L Brown clays with fr^tgments. 

Middle Gravels Gravely sand^ &;c. 

Lower Boulder-day .... Blue clay with chalk and flinty and fragments of 

distant rocks. 
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' A limited sandy mass imconfonned to the 
Boulder-day above it^ and rich in marine 
shells^ mostly of existing species^ and indicating 
a cold chmate*. 

Basement-bed or Lower GravelB . Fragments of chalk and flint with a few boulders 

of distant origin. 



^'Bridlington Crag/' of undeter- 
mined age 



An ingenious effort has been made by Mr. Searles Y. Wood and Mr. 
Rome to correlate these drift-beds (in which they include the " Brid- 
lington Crag ") with other extensive deposits of glacial and postglacial 
date in the Midland and South-eastern tracts of England. They class 
the Holdemess deposits in the following series : — 

g. Lacustrine marls with Cyclas. 

f. Gravel, principally chalk firagments. 

/. Sands and gravel (at Hornsea lacustrine marls). 

e. Hessle clay. 

d. Hessle gravel. 

e. Purple clay. 

h. Sand and gravel, including the '' Bridlington Crag.'' 
a. Blue clay, supposed to be contemporary with or a continuation of the 
chalky basement-bed as viewed by me. 

The relation of these three clays, a, c, e (all glacial), to the boulder- 
clays of the country further south, may be thus stated according to the 
view of the authors named : — 

Yorkshire. Midland and South of Bng^d. 
Hessle clay. 
Purple clay. 

Blue clay Upper glacial day. 

. % Middle glacial deposits. 

Lower glacial day. 

— ^a very remarkable result, leading, if confirmed, to important inferences 
in regard to the conditions of areaand depth of ocean at different epochs 
of the Glacial period. 

* This inference is on the sufficient aathoritj of the late S. P. Woodward. I obtained a 
series of the shells in 1835. 

t2 
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The apparent confusion and irregularity of the glacial accumulations, 
their various and seemingly accidental composition and geographical 
distribution, have occasioned mi^ch difference of opinion as to the con- 
ditions of their deposition. They have been explained as the con- 
sequence of sudden inundations on land, or violent deluges of the sea ; 
glaciers have pushed them; icebergs have floated them; the level of 
the sea has been altered to suit them ; and the temperature of circum- 
polar regions has been intensified to permit of the occurrence of almost 
universal overland ice. 

This divergence of opinion, this activity of discussion, not to be 
wondered at in regard to one of the hardest as well as most important 
geological problems, has brought out the peculiarities of the case, and 
dismissed some vain speculations. The Yorkshire drift is allowed to be 
a marine deposit. It required a long period of time for its accumula- 
tion, and two concurrent and seemingly inconsistent effects in water. 
The pure clay was deposited in deep or at least quiet water ; the stony 
contents of the clay require watery movement. Some of the stones are 
too large to have been transported by ordinary sed-currents in any direc- 
tion ; and no possible current of this kind could bring stones of such kinds 
and in such numbers to mix with such clay. But they might be floated 
on ice and dropped through muddy water on the growing sea-bed. 

The clay offers a uniform basis, often with little or no real stratifica- 
tion, and without contemporaneous shells of any kind ; in other situa- 
tions such clays admit of warp-like sediments distinctly laminated, 
and beds of unmoved marine clays or sands, with shells of bivalve 
mollusks in the very place and attitude of life (Cromer coast, Yorkshire 
coast). 

Through considerable thicknesses the clay is usually filled with 
scattered fragments of stone, with many fossil shells, derived from rocks 
whose site can be clearly recognized, so as to prove the wasting of cer- 
tain . tracts of land in Yorkshire, Westmoreland, and Northumberland, 
previously to the aggregation of the whole drifted mass. 
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Here and there pebbles, usually of smaU sise, and stones and fossils 
more or less worn, lie in short insulated patches^ on long bands in the 
clay^ or rudely alternating with it, especially in the upper part, where 
these alternations are often followed by a great thickness of gravel 
above, having the ordinary composition and structure of a beach^ im- 
parted by fluctuations of the sea or cmrents of fresh water. In the clay, 
but more commonly in the gravel, remains of land animals occur broken, 
scattered, and rounded. 

The shape of the pebbles is often ellipsoidal, with three axes of un- 
equal length, A spherical pebble is rarely seen; but forms oblately 
spheroidal, with the short polar axis transverse to the original lamina- 
tion, may be chosen among fragments of liassie shale and laminated 
sandstone. Egg-shaped pebbles may be found, small in quartz, large in 
aplianitCj porphyry, and granite ; and in general the smaller the rnass^ 
and the more uniform its composition, the greater is the approach tci 
sphericity. In some cases there is an evident though partial arraiige- 
Ijppit of the stones, such that thin broad stones rest on their flat sur- 
&ces; and others lie in planes parallel to the laminse of warp or sand. 
But few, comparatively, of the fragments are striated ; some bear striie 
in various directions. 

The circumstances which have been mentioned contrast obviously 
vdth every thing known of the ordinary strata of every geological age. 
If we seek among these for examples of least difference, we shall find 
the most favourable instances in the Old Red, Permian, and Triassic* 
depc^its — the red brecciated conglomerates. Taking the first exumple, 
we remark in Perthshire, Cumberland, and Westmoreland, indeed, a 
variety of imbedded stones ; but they are derived from a limited drain- 
age J while the boulder-c|ays contain abundantly fragments derived from 
rocks beyond (far beyond) the limits of the drainage in which they lie. 
How came they hither ? what has caused the peculiarities of their accu- 
mulation ? 

The problem or *' question/* as it may fairly be called, of the Boulder- 
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clay^ and its associated gravels and sands, is not easy of solution, though 
it admits of clear cnunciatioii. Given various points of departujre, one 
or mare points of arrival^ and the condition and association of the hlocks 
found there^ required the agency of transport, the track hy which they 
came, and the condition of the land and sea at the time. In examining 
this apparently Ariadnean labyrinth, we shall find the benefit of following 
some hypothetical thread. 

Let us inquire into one case^ invol\TQg considerable distance and a 
varied aspect of country, but without doubt as to the origin of the blocks, 
and with some sure indication of their course. Such a case is furnished 
by the blocks of granite which have quitted Shapfells in Westmoreland, 
and now rest on the high ground about Flamborough Heud, Scarborough, 
and "Wliitby. 

In the present arrangement of the land and sea, transport by any 
natural force of the Shap blocks to the hills of East Yorkshire is of 
course impossil>le. Let us examine, in the first place, the hypothesis that 
in the remote time immediately preceding the removal of tlie blocks, the 
land-surface might be such as to allow of water-currents descending with 
force from tlie north-west. To this the reply is conclusive ; the deep 
dale of the Eden is an ancient, even a Mesozoic valley, with a lofty 
unbroken barrier on the east ; and this quite forbids the supposition. 

Next let us assume a change of cUmate, and fill this deep vale of the 
Eden and the broad vale of York with ice, so as to allow of the passage 
of a glacier from the Westmoreland mountains over a sort of inclined 
plane, on which blocks might rest, and on the melting of this ice, be 
distributed. By reference to the map, p< 9, it will be seen that such ice- 
movement must have been unlike any then known ; for it supposes a 
radiation over a vast area, from one small mountain which sent its 
detritus through one gap in a chain of hills. Moreover, by such an 
operation only one class of blocks is accounted for ; they ought to be in 
groups but little mixed with other stones, while in fact the mixture of 
stones of different sorts brought in different directions is what requires 
explanation. 
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Briefly, it must be allowed that no explanation can be had except by 
employing the hypothesis of a change in the physical condition of the 
whole region, such as to bring into action some other forces than surface- 
currents or ice moving on land. This can only mean extensive change 
of level of the land and sea, and the movement of water at considerable 
depths over the land. 

Suppose such a change of relative level, the sea reaching the height 
of Shapfell (under 1600 feet) ; the climate arctic ; extensive glaciation 
among the lake mountains ; ice-sheets pushed into the sea as in Spitz- 
bargen ; these gathering blocks, breaking off in bergs, and floating with 
the currents as from Greenland. There would be a distribution of lake- 
mountain rocks northward and eastward, and to some extent southward- 
Suppose the arctic character of climate to contmue, but the sea to 
subside, no more Shap blacks would pass over Stainmoor ; of those 
which had passed over, many would be carried to greater and greater 
distances and lower and lower levels, as in fact we find them. 

After the currents had ceased to flow through what may be called the 
Straits of Stainmoor and to the south^i ard, they might still sweep round 
the northern end of the Penine Chain, and drift along the ice-bound coast 
with mountain limestone, aphanite, magnesian limestone, and lias, to 
the southward, together with some spoils fi*om the northern parts of the 
lake-mountains, from the Scottish ridges and sea-coast. Possibly the 
Scandinavian slopes may have contributed to increase the mass ; and the 
sea continually sinking, and followed in its retreat by sheets of land-icH^, 
we should have as a final result the disordei^ accumulations, for which, 
except by such combinations as are here suggested, there seems to be 
no satisfactory explanation. In this view the ** diluvial" masses are 
parts of abandoned sea-shore beds, disturbed by pressure of sheets of ice 
from the land. 

The following list of Mammalian remaim found in Pleistocene deposits 
in Yorkshire may be useful : — 
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Carniyora ..... Felis spekea {CsiYQ'JAon) . In lacustrine clay^ Bielbecks. 

Cants lupus (Wolf) . In lacustrine clay, Bielbecks. 
Ursus speUeus (Bear) . Near Clitheroe. 
Perissodacttla .... Eqtms fossilis (Horse). (Small) below boulder-clay, 

Hessle ; in gravel, near York. (Large) in lacustrine 
clay, Bielbecks. 

Proboscidea *Elephas primigenius (Mammotli). In glacial gravel, 

Atwick and Brandsburton ; in vaUey-gravel, Middle- 
ton-on-the-Wold; below Boulder-clay, at Hessle; in 
Boulder-clay, at Sandley Meer, Whitby, &c. 
Artiodactyla .... Hippopotamus major. In gravel, at Overton, near York ; 

in river-sediments, Leeds. 
Rhinoceros tichorhinus. In lacustrine clay, Bielbecks. 

RuMiNANTiA Bos primigenius. In valley-gravel, York &c. 

*Bison antiquus. In lacustrine clay, Bielbecks. 
Cervus elaphus. In valley-gravels and lacustrine sedi- 
ments, Holdemess, Vale of York, &c. 

* megaceros. In lacustrine clay, Skipsea, and near 

Wetherby. 

It appears that two remarkable animals, viz. Bison antiqv/us and Cervus 
inegaceros^ which occur in lacustrine clays, are not yet reported from 
Kirkdale Cave ; and, as far as is known, the same applies to the mammoth. 
There is, however, the general agreement which was to be expected 
between pleistocene deposits removed in point of time some thousands 
of years from our own days. 

The animals which occupied or were dragged as captives into Kirkdale 
Cave belonged to the species in the following list, which is almost iden- 
tical with that given by Dr. Buckland in the * Reliquise Diluvianse.* 
No trace of man or his works : — 

MAMMALIA. 

Cabnivora .... Felis spekea (Cave-Lion). 

Hytena spekea (Cave- Hyaena) . 
Ursus speUeus (Cave-Bearf). 

t Mr. Dawkins adds U, arctos (the Brown Bear) and U, ferox (the Grizzly Bear) ; their bones 
are very similar. 
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Cafdi bipuM (Wolf). 

vidpes (Fox). 

Puioriui emUneus (Weasel) *. 

LtUra vulgaris (Otter) ^ according to Dawkins. 
BoDKNTiA Lepus cwMCuhu (Babbit). 

timidus (Hare). 

Arvicola amphibia (Water-Bat or Vole) t- 

agrestis (Field-Vole). 

Mu8 syhaiiau (Field-Mouse). 
Pebissodactyla . • . Equui fouilii (Horse). 

Rhinoceros hemiicechusX, Falconer. 
Pkoboscidea .... Elephas antiquus. 
Abtiodactyla . . . Hippopotamus nuff or. 
BuMiNANTiA .... Bos primigemus {iiie Vrws), 

Bison priscus (the Aurochs). 

Cervus elaphus (Stag). 

Bucklandi. 

Tarandus (Beindeer). 

megaceros (Irish Elk). 

AVES§ Corvus corax f^^ea). 

Alauda arvensis (Lark). 

Cohanba ? (Pigeon). 

Scolopax gallinago? (Snipe). 

Anas sponsa ? (Summer Duck). 

What, then, is the geological date of the occupation of Eirkdale Cave ? 
It will be observed that the analogies which its contents offer to pleisto- 
cene deposits in the open air, refer to such a case as that of Bielbecks, 
where glacial drift overlies the bones, and where these belong to animals 
certainly contemporary with the shelly substrata, and older than other 
lacustrine deposits which are superposed on the drift and contain animals 
which lived at that later time. The intermediate truly glacial deposits 

* Putorius vulgaris (Polecat) is quoted as from Kirkdale Oave by Prof. Morris (Oatal. p. 361, 
e<L2). 

f Mr. Dawkins refers the fosrils to Arvicola riparia (Bank-Yde). 

X This determination depends on a jomig tooth in the Oxford Mnsenm. 

§ In a former edition I added to these birds the Partridge, from observations made at York 
by Mr. Salmond ; but as yet I have not been able to confirm this determination. 

Z 
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contain bones of the earlier types, but always in scattered fragments and 
generally rolled. Thus three periods, all pleistocene, are marked by 
characteristic features, and may be thus represented : — 



Ist. Prefflacial Land. 

Lion^ Hysena^ Mammoth^ 
Rhinoceros, &c., living on 
a dry land-surface &c. 



2nd. Glacial fVaiers, rising 
and falling. 

Remains of animals of the 
first period scattered, and 
often worn, lying in gravel, 
clay, &c., which were depo- 
sited xmder water. 



3rd. Postglacial Land. 

No great Camivora, no 
great Pachydermata living, 
the terrestrial surface a- 
bounding in Cervine and 
Bovine quadrupeds. 



Plan of Kirkdale Cave (1821-22), from the original drawing by W. Salmond, F.G,8., in the 

possession of Professor PhilUps. 
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a. SuppoMd original opening, b. Opening as it appeared in 1821 (11 feet wide, 4 feet high), c. Width feet, 
height 4 feet 6 inchee. d. The floor rises 1 foot 6 inches, and the width contracts from 1 1 to 6 feet. 
e. Width 6 feet, height 3 feet /. Width 6 feet, height 1 foot 8 inches, y. Width 7 feet, height 4 feet. 
A. Width 2 feet,5 inches, height 1 foot 4 inches, t. " Chamber," width 2 feet 2 inches, height 14 feet 
(Dr. BucUand gives 1 foot 4 inches), k. Height 3 feet. I. Width 3 feet, height 2 feet 7 inches, m. 
Height 3 feet n. Width 2 feet 6 inches, height 2 feet 6 inches, o. Width 2 feet: here was found a 
tooth of EUphoB antiquus, p. Here a fissure from a point which is marked as " chamber," 11 feet 
high. ^. A small opening on the &ce of the rook, q", q'" continuation of the quarry face. r. Hole, 
eonneoted with a fissure. 

Jhe sketoh s shows a oross section of the Caye. 
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That Kirkdale Cave was occupied ia the preglacial condition of the land 
which is now Yorkshire was my earliest opinion, and seems still to be 
the most probable inference in the present state of our knowledge. 

The valley which passes down Kirkdale must have been below the 
level of the cave in preglacial times — must have been escaTated, though 
perhaps not to its present depth, wliich is 30 or 40 feet below the floor of 
the nearly level ossiferous tunneL There is no reason to think it was 
not in a good degree dug out by the river. There is plenty of proof of 
other valleys of smaller extent being scooped out of the glacial drift by 
rivulets now running to the sea. These circumstances agree with the 
inferences from the study of the mammalian remains ; and so, finally, 
three Pleistocene ages rise clearly before us, for which at present the titles 
which were suggested twenty years siace* seem to be applicable and 
convenient^ and have indeed been pretty generally adopted. 

The Yorkshire cliffs which stand above the sea are a proof of the great 
antiquity of the level and limits of the actual German Ocean ; for they 
have to the waves whicli are always warring against them the same relation 
that the crowning rock of a cascade has to the mechanical power of the 
stream which after falling washes its base. Both yield, though slowly, 
to the never *wearied undermining effect of the water ; and no one who 
regards the real but almost insensible destruction of the firm Flam- 
borough Chalk, need hasitate to allow for the production of its cliffs of 
150 to 300 feet a long term of centuries. But the same long period 
would allow of a far greater horizontal waste of the weaker barrier of 
sand, gravel, and clay which is all that Holderocss offers to the enemy. 
There veiy long periods of forest- growth may have preceded the settle- 
ments of the Parisiij and have come down even to the date of Agricola. 

It may be true, as Mr. de la Pryme and other writers appear to tlunkj 
that in the destruction of the inland forests of Hatfield and Thome the 
hand of man is ti-aceable, and that fire and the axe have accelerated the 
fall of the innumerable oaks thei^e buried. This may be correct : but it 

• RiTers, MountainA, aod Soa-ooast of Yorkfihire^ e4* l^ p* 183, 18o3» 
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is not the general truth wliich fits the countless instances round the 
shores of the German Ocean ; for these, taken generally, appeal to natural 
causes for the successive growth of different kinds of trees and the accu- 
mulation of turf-moors round them, and to the force of south-west winds, 
the effect of riyer-floods, and the advance of the sea for the extinction of 
the lowland forests. 

Extending our view, in the ancient connexion of Scotland and Scandi- 
navia by the continuation of the primary strata, wliich geologists have 
long regarded as probable, wliich the particular phenomena of Yorkshire 
geology specially suggested, and which botanical philosophy confixms and 
brings down to the preglacial period*, we may find the explanation of 
many difficulties. When the Scottish and Scaaidinavian chains were 
connected (before the Straits of Dover existed), the German Ocean 
may have been cut off from the warm feeders of the Atlantic, chilled 
by the influx of snow-fed rivers, and occasionally covered by icebergs 
broken off from glaciers in the fiords of the north and bearing fragments 
of rocks indicative of their origiUi 

When that northern land had sunk, a milder climate and more purely 
oceanic and arctic shells would enter with the rushing of the newly 
admitted tide, a greater depression of water-level would ensue, accompanied 
by enormous wash of the limited shores ; then would come into sight the 
cliffs of the *' tabular hills" near Scarborough and Thirsk, and finally 
the promontories of Boulby, the Peak, Flamborough Head, and Dim- 
lington heights (or rather points something further seaward than these 
now stand). Holdemess, and the vales of York and Pickering would 
then appear or reappear above the waves ; for^ts haunted by the stag 
might grow even in deep hollows of the surface, which were removed 
from the pernicious influence of the tide and the east wind ; these would 
be destroyed as the waste of the coast terminated their immunity, and in 
particular places would be buried under alluvial sediments, sometimes 
brought by the rivers, sometimes accumulated by surface-drainings in 
lakes such as yet exist in Holderness, 

♦ See * iUverap Mountains, and Sea-coast of Yorkshire/ 1853. 
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CHAPTER XIIL * 



ECONOMIC GEOLOOY. 



" To specify the most valuable mineral productions, to determine their 
relative importance and aptitude for economical uses^ and .to fix the 
principles which should guide adventurers in quest of them, is the 
pleasing duty of a practical geologist- Xo part of England enjoys 
greater advantages from the variety and value of its subterranean 
treasures than Yorkshire, Its rich mines of iron, lead, and zinc, its vast 
collieries and innumerable quarries of building-stone, flagstone, slate, 
and limestone are productive of increasing wealth and convenience at 
home, and of considerable benefit to the empire at large* The eastern 
part of the county, though less distinguished in this respect than the 
western, contains many useful minerals, and, besides supporting a very 
important inland commerce, is capable of furnishing large supplies for 
exportation." [This paragraph was written in 1828.] 



One familiar with the condition of East Yorkshire toward the beginning 
of the century finds on returning to it no great change in the aspect of 
nature, but much cause for surprise in the altered circumstance* of 
human occupation. Then Scarborougli was not the " queen of northern 
watering-places," and few were the summer \nsitors who appeared at 
Redcar, ]Filey, or Bridlington Quay, Wliitby, though famous for fossils, 
ships, and arctic whale-fishers, was difficult of access and deficient of 
aojommodation. One road across the wild moors connected this pros- 
perous port and this Scandinavian part of Yorkshire with the old Roman 
capital of the north, and invited " H.M. Mail " to descend the perilous 
steep of Sleights Bank to the woody and secluded dale of the Eske* Pack* 
horses and carts were the means of conveyance ; '* waggon parties " occa- 
sionally forced their way to neighbouring waterfalls ; but only a few bold 
horsemen brought home news of the English lakes. 
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Gradually^ by the influence of railways, the whole coast has been trans- 
formed, and is in course of undergoing further change, until Staithes and 
Runs wick and Robin Hood's Bay shall become as frequented as Saltburn 
and Filey, and Hornsea and Withernsea and the stormy sea-border of 
Yorkshire be as populous with villas as ever was the quiet bay of Naples 
and Puteoli in the days of Pliny. And hardly more wonderful in that 
glorious bay is the awakening fire of Vesuvius than the mighty blaze 
of many furnaces now planted along the banks of the Tees, where only a 
quarter of a century since not one was lighted, and where still, but for 
the railways, none would es:ist. 

In the beginning of the century a curious observer might pause in 
Bilsdale or Rosedale or Eskdale to consider the heaps of scoria in places 
where once small " bloomeries,** the primitive earth-furnaces furnished 
a sparse population with the small quantity of iron required for a few 
ploughs and hoes, or a few spear-heads and bill-books, hammers, and 
nails. Hundreds of years had passed since those small fires were burning ; 
and though the country, the whole country lying north of the Vale 
of Pickering, almost every where contained iron in beds and nodules of 
various quality, the scarcity of wood and coal and the want of roads 
prevented even imprudence from trying to revive a lost though not qmte 
forgotten industry, — not forgotten, because stillj gathered from the coast, 
or selected from the alum-works, a few thousand tons of good ironstone 
were carried in small coasting-vessels to the only mart then accessible, 
the centre of the northern coaI4radei Newcastle-upon-Tyne. 



To supplement this scanty supply, which, however, was welcome in a 
coal-field not so rich in ironstone as some others, a mine was established 
near Grosm^ont Bridge ; a level was driven ; and tw^o separate beds of good 
ironstone were worked to the extent of some 20,000 tons in a year, and 
shipped from Whitby. These beds (the upper locally known as the 
*' Pecten" bed, 4 feet thick, the lower as the **Avicula'' bed, 3 feet tiiick) 
correspond in geological position and general characters with the now 
better-known ironstone beds of Kettleness, Staithes, and the Clevehmd 
Hills. These ironstones, below the alum-shale and above the marlstone. 
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became known to science, by the publications of Dr. Young and Mr. Bird 
and my own volumes, from forty to fifty years ago ; and had there been 
railways, it would not have been left to the practical men of our day« to 
pierce into the heart of Eston Nab, extract millions of tons of iron-ore, 
and build hundreds of furnaces in Cleveland. 

"RTien the observing eyes of Mr. Vaughan were first directed to these 
hills, he was, we are informed, quite unaware even that the existence 
of iron had been recorded in this part of Yorkshire* It does not appear 
that he ever considered the matter in a scientific point of view. But it 
is easy to understand how one accustomed to the ironworks of South 
Wales, and standing on the brow of a Cleveland hill fuU of iron-ore, 
within a few miles of the coal-field of Burham, would feel inspired by the 
great idea of planting a new Merthyr halfway between the iron and the 
coal on the banks of the Tees, within reach of the North-of-England 
Railway. If science be to blame for not having more loudly invited 
attention to the unequalled store of mineral wealth existing in these 
hills, practice must not be exonerated from the charge of indifference to 
geological discoveries which had been clearly announced. Each, in fact, 
did its appropriate work, perhaps too exclusively ; but the railway and 
the locomotive have brought them into harmonious <x)operation in one 
of the grandest and most prosperous enterprises of our time. 



Iron-ores of more or less value occur in all parts of the oolitic and 
liassic system of Yorkshire, in regular beds or nodules, or irregular 
patches- Taken in vertical order, and including some (^careo-ferruginous 
septaria, the following is, so far as I know, a complete list* The num- 
bering is from below upwards : — 

14- Neocomian Septariate nodules^ dug for cement at Speeton. 

13. Kimmeridge Ctatf . , . Ironshot nodides near the base of ICmmeridge Clay, 

near Helmaley. 

12. Calcareom Grit ... In Whitcstoiie CUff, base of the rock, 

11. Kelhway Rock . . , At the top and in the middle. Hackjieas, Newtondale. 

10* Combra^h Of poor quality, in Newtondale. 

9. Upper EsiuaHne • . . The granular hands^ or rich scattered Inmpe* 
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8. Grmf Limestone . 

7. Middle Estuarine * 
6i MiUepore- Oolite , 

5i Lower Entuarine , 
4* Inferior Oolite . . 



3« Upper Lias . 

2. Middle Litis 
1 , Lower Lias 
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Bands of nodules of good quality over this rock. White 

Nab, 
Irregular nodular deposits* 
A few nodidcsj &omo irregular patches above and at top 

of the Millepore-Oolite. 
Irregular nodular deposits. 
** Dogger/' extremely variable, locally very rich. Rose* 

dale, TWrskj &c. 
Nodules more or less calcareo-femiginotis in the alum- 
shale (below the cement-stone- beds), Saltwick. 
Nodules more or less calcareo- ferruginous in strata in 

and below the jet-bed. Sandsendj Kettleness. 
The great Cleveland band, containing usually several 

beds. Staithes, Eston, &c, 
1 Irregular interspersed baUs^ beds, and patches in the 

marlstone, Staithes. 
Many bands and balls scattered through the Lower 

Lias, Rockcliff, HuntcUflEl 



Several of these layers may as well be regarded as ferruginous cement- 
stones ; otliers are largely calcareous, and may be used for water-setting 
lime ; but all are ferruginous to some extent, and deserve notice in con- 
sidering the distribution of tbe carbonate and sesquioxide of iron in 
segregated masses of various forms through so large a range of strata. 
Pyrites accompanies many of the balls in the Lias shales. 

The Cleveland ironstone, according to my early classification of the 
strata on the Yorkshire coast, which has not been disturbed, lies in the 
upper part of the Middle Lias, the best and most productiTC beds being 
about 50 feet above the marlstone, and 200 or more feet below the Dogger, 
which, as already shown, is often another band of ironstone. 

A line drawn not directly to the westward from Eobin Hood's Bay, 
but a little to the south of west, will mark with sufficient accuracy the 
southern limit of productiveness of the Cleveland band, — not its whole 
extent ; for, in fact, traces at least are found much further to the south, 
near Thirsk. Within the area between this line and the sea-coast, about 
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200 square miles of country contain the ironstone, mostly in a favourable 
condition for working, both as to thickness and quality ; but it is nowhere 
so accessible or so productive as on the sea-coast west of Whitby, and 
on the fronts of the Cleveland hills ; and there the mining-operations are 
now established witli success. 



Sections of the Ironstone Bands on the Northern Line of Workings. 



Nonnaabj. 



Eston. 



I ft in. 

2 6 
3 



Uplffatham, 



« » 





L3 10 



I ft. in. 



3 6 
6 



10 



6 



3 3 



10 




I, Ironstone. S, Shale. • 

The point where the ironstone appears consolidated into the thickest 
mass is at Eston Nab ; and from this point, both eastward and southward, 
there is a tendency to subdivision of beds and reduction of thickness. 
This may be understood by means of a few comparative sections, arranged 
right and left of Eston Nab as a central standard. 



In respect of quality and richness in iron, there is not much difference 

2a 
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in the ironstone obtained from the different localities. Three tons of the 
ore are usually required for a ton of pig iron. Most of the ores contain 
more phosphorus than is desirable — a circumstance also noticed in the 
liassic and oolitic ores of Lincolnshire, Northamptonshire, and Oxford- 
shire. None of this ore, so far as my experiments go, obeys the magnet 
till it is calcined. It is partly oolitic in grain, partly compact, partly 
shelly, altogether greyish blue imder ground and where unbathed by air 
and water-currents; but where these have had effect it is embrowned, 
at least in the exterior parts of the blocks. 

Though very solid in Eston Nab, Upleatham, Belmont, and other 
localities, it becomes more or less nodular as we proceed toward Staithes, 
and at the same time more shelly, especially belemnitic. Crystallized 
carbonate of lime and stalagmitic sheets appear in some of the vertical 
joints ; and pyritous bands are seen here and there in the accompanying 
shales. The specific gravity is from 2*8 to 2*9. Mr. Crowther's analyses 
give the following amongst many results* : — 

Per oeoDt. 

Nonnanby^ maximum per cent. 32*96 30*62 

Eston Nab, seven specimens from the top to the bottom, 

maximiun per cent. 35*10, minimumf 21*1, mean . . 31*27 

Upleatham 31*85 

In Eskdde, near Whitby 29*21 



* Edinburgh New Philosophical Journal, 1857. 
t Taken from a shelly part of the bed. 
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Sections of the Ironstone Bands on the Southern Line of Workings. 



Swainby. 



Belmont. 



Boolby. 



Kettleness. 



(rrusi&Qiit* 




ftin. 



6 



4 A 



Phosphoric acid and sulphur are detected in all these ironstones, each 
being on the average above one per cent. 

As an example of the results of chemical examination in different 
parts of the same bed, the following complete analysis of the thick bed 
at Eildale, executed by Mr. Fattison at the Clarence Works on the Tees, 
has been communicated by Mr. Bell : — 
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Top 
foot. 


2nd foot 
from top. 


3rd foot 
from top. 


4th foot 
from top. 


5th foot 
from top. 


6th foot 
from top. 


Bottom, 
7th foot 
from top. 


Protoxide of iron 

Peroxide of iron 


40-50 
2-80 
0-37 
5-43 
4-34 
3-21 
9-27 

28-60 
0-98 
3-06 


31-95 
9-50 
0-60 

10-34 
3-17 
3-22 

15-47 

18-80 
1-09 
5-85 


33-56 
4-14 
0-55 
9-03 
4-48 
3-21 
16-00 
22-80 
0-94 
4-71 


28-28 
8-71 
0-54 

11-57 
4-90 
2-97 

18-60 

17-00 
1-02 
6-29 


15-43 
1-30 
0-37 
5-38 

29-31 
2-25 

10-17 

29-60 
2-35 
2-46 


14-91 
1-80 
0-37 
6-25 

28-00 
2-60 

11-13 

29-80 
1-92 
2-43 


3201 
2-43 
0-35 
9-23 
3-80 
4-31 
15-27 
26-80 
1-30 
3-20 
1-12 


Protoxide of manganese .... 
Alumina ,,,,,., 


Lime 


Mafifnesia 


Silica 


Carbonic acid 


Phosphoric acid 


Water 


Sulphur* 






98-56 


99-99 


99-42 


99-88 


98-62 


99-21 


99-82 


Total metallic iron 


33-45 


31-50 


29-00 


28-10 


12-90 


12-85 


26-60 



The small quantities of potash and carbonaceous matter were not 
estimated. 

The samples of the 2nd, 3rd, and 4th foot were slightly " weathered " 
(that is, had been exposed to the action of the air and moisture for some 
time), as may be seen from the large proportions of peroxide of iron and 
water and the small proportion of carbonic acid they contain. 

The carbonate of lime in the 5th- and 6th-foot samples exists as small 

confused crystals, which are interspersed with a number of pebble-shaped 

nodules containing a large quantity of phosphoric acid. These nodules 

varied in size from the size of a pea to that of a chestnut. A number of 

them were collected and analyzed. They contained : — 

Alumina 27*97 per cent. 

Lime 1292 

Magnesia 0-72 „ 

Peroxide of iron 0*70 „ 

Protoxide of iron 4-08 „ 

Phosphoric acid 28*27 „ 

Sulphur 0-52 



Carbonic acid 

Soda 

Carbonaceous matter . . . 

Water 

Insoluble in hydrochloric acid 



400 
0-40 
1-27 
2-84 
15-60 
99-29 



Sulphur not estimated ; but there is only a very smaU quantity. 
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When these nodules exist in conjunction with stone containing as 
much carbonate of lime as the 5th- and 6th-foot samples given on the 
other side, they are easily separated by calcining the stone and after- 
wards slaking the lime. The lime "falls;" and the nodules can be 
obtained by passing the powder through a sieve. The stone containing 
the nodules, however, has not always this composition, but contains too 
little lime to " fall " after burning and slaking. A larger sample (about 
1 cwt.) of the stone sent here to calcine would not " fall." It contained 
25*8 per cent, of metallic iron. It had not the crystalline fracture of 
the first sample. The appearance of the stone is a sufficient indication 
whether it contains a sufficient amount of lime to "fall" after calci- 
nation. 

From the same laboratory, by the kindness of Mr. Bell, I append a 
copy of Mr. Pattinson's analysis of the sulphur-band which is found at 
the top of the thick bed at Normanby and other places. 

The sample was taken in the state in which it leaves the mine : — 

per cent 

Bisulphuret of iron . 53- 19 =28-37 sulphur. 

Protoxide of iron 9*97 

Alumina 8*74 

Lime 049 

Magnesia 1*07 

Phosphoric acid trace 

Water 1320 

Insoluble in hydrochloric acid . . . 10*94 

97-60 

In the Cleveland district, on the sea-coast, in Eskdale and Biosedale and 
along the front of the Hambleton hills, occurs the sixth band of ironstone, 
just above the Lias. This is the ** Dogger" of the alum-works, the lowest 
part of the Inferior Oolite. Wherever it occurs in Yorkshire it is consi- 
derably ferruginous ; and there is a belt of country, stretching from the 
sea-coast about Runswick, across Eskdale, Olaizedale, Rosedale, Famdale 
and Bilsdale to the hills above Thirsk, along which it has been opened 
and worked with more or less success. Near Bosedale Abbey part of the 



182 ECONOMIC GEOLOGY. [Chap. XIII. 

ore is magnetic, and yields at a maximum 49'17 per cent, iron, with 
an average of about 40 per cent. From this, the richest point known, 
the proportion of iron diminishes ; but for a mile or two it still con- 
tains a larger quantity of iron than the average of the Cleveland ore. 
The tract is nowhere so broad as in Bosedale ; nowhere else is the bed so 
thick, nowhere else of so rich a quality. Rosedale Cliff near Staithes, 
the coast near Upgang, Beckfoot in Eskdale, Boltby near Thirsk, and 
Kirkham come next in point of importance ; and at these situations the 
rock has been fairly tried. 

It cannot, however, in the presence of the great Cleveland band be 
found advantageous to continue the excavations, except under very 
favourable local conditions, such as proximity to existing furnaces, or to 
mix with the ore of the " lower band/* 

BuiLDiNG-STONE has been obtained from every calcareous and arena- 
ceous rock in this district. The use of the chalk and marlstone is 
very limited ; but the other strata have been extensively employed in old 
churches and mansions, and even transported to considerable distances. 
The most valuable appear to be : — the calcareous grit employed in the 
edifices of Castle Howard and Duncombe Park; the Kelloway sand- 
stone, of which the hall and old church at Hackness and the Museums 
at York and Scarborough are constructed ; and the freestone of the Lower 
Sandstone series, which has been shipped in great quantity from Whitby, 
being much esteemed for piers and bridges and other works requiring 
large blocks of stone. Guisborough priory and other ancient buildings 
in the northern part of the district prove the durability of this stone ; 
and Whitby Abbey, though desolate and neglected and exposed on a bare 
sea-cliff, has not lost all its beautiful tracery. The calcareous grit and 
the Kelloway rock at Hackness seem equally durable, and are, in general, 
of a finer grain and more uniform colour. 

Flagstone, of excellent quality, is dug on the estate of Hackness, 
and, being conveniently situated near the sea and a railway, may pro- 
bably be sent on favourable terms to the London market. It also occurs 
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in good condition in the cliflFs of Cloughton and Haiburn, and in New- 
tondale- 

Lime is obtained from the Chalky Coralline Oolite, and Grey Limestone^ 
or Care oolite ; and some less successful trials have l3een made upon the 
calcareous Dogger, The hard chalk of Flamborough is transported for 
this purpose to Whitby and other places on the coast ; and a considerable 
trade in lime is carried on at Hessle, The coralline oolite is burnt 
extensively about Seamer, Ayton, Pickering, and Malton, and the 
thinner oolite below with more or less advantage at Hawsker, May- 
becks, Commondale, Scugdale, Coxwold, Newborough Park, Brandsby, 
Westow, Sancton, Ellerker, &c. The lime from the oolites is less pure 
than that from the chalk; but all kinds are used in agriculture, as well 
as for building* 

Bricks are very generally used in Holdemess and the Vale of York, 
where the diluvial clay is an abundant and suitable material, and in 
Cleveland, where the Lias clays furnish an additional supply* In the 
moorland valleys the shales might be employed for the same purposes, if 
the prevalence of sandstone did not render it unnecessary. 

The nodules and layers of Flint which occur in the chalk of the 
Wolds might be of value in the neighbourhood of potteries, but at pre- 
sent provide excellent materials for the roads. The basaltic dyke, the 
Bath oolites, slaty stone of Brandsby, and coral-bed of the Pickering oolite 
furnish very good stone for this use ; and, in their absence, Holdemess 
and the Vale of York yield plenty of waterworn gravel. 

Excepting limestone, the agriculturist employs none of the mineral 
productions of the eastern part of Yorkshire as mantke. Possibly some 
varieties of the red and white marls near the mouth of the Tees might he 
available in this respect^ as they are in the midland counties. In Hol- 
demess, the shell marl so generally found beneath the lacustrine deposits 
of peat might, perhaps, be found useful if spread on the pastures ; but it 
could hardly fail to produce excellent effects if employed upon the peat 
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itself, in the mode adopted in the northern part of Lancashire. If this 
suggestion should be found correct, considerable benefit would result 
from the practice ; for many such peaty hollows exist in the interior of 
Holdemess, which can neither be obliterated by a covering of warp noi" 
corrected by ordinary industry. 

Coal occurs extensively in the north-eastern part of Yorkshire, in the 
sandstone series between the grey limestone and the Dogger, but always 
in thin seams, and generally of inferior quality. The immense advantages 
which would arise to this district from the working of thick seams of good 
coal, suflBciently account for the many unsuccessful attempts to discover 
them. The opinions of working colliers on this point have too often been 
preferred to the legitimate deductions of science ; and even yet persons will 
perhaps be foimd willing to credit the delusive tale of finding good coal by 
gai/ng deeper. But the warning must be given, though it be disregarded ; 
and from all the natural exhibitions on the coast, as well as from the 
result of every experiment inland, I am compelled to state that any hope 
of discovering seams of coal more than 18 inches or 2 feet in thickness, 
in any part of the strata uhove the Upper Lias or alum-shale, is entirely 
unsupported by reason and experience. That the Coal-measures of Dur- 
ham and Western Yorkshire exist (covered by magnesian limestone and 
red sandstone) beneath the Lias, is probable ; but the practicability of 
reaching them by pits, even in Cleveland or near York, is very question- 
able, and the cost of the experiment may be ruinous (see p. 5). 

Of several thin and variable seams of coal which appear among the 
sandstone rocks above the lias, only the lower one immediately above 
the Dogger, and the upper one beneath the grey limestone, have been 
found worth the expense of working. The upper seam is the most 
regular, and has been worked at Cloughton Wyke, Maybecks, Goadland, 
Glaizedale, Danby, Shunnor Hoe, Blakehoe, Rudland, Coxwold, New- 
borough Park, Colton, &c. That this and the lower seam may be opened 
in new places is highly probable ; and such attempts may be productive 
of some local advantage ; but they should be guided by geological indue- 
tiofij and not abandoned to ignorance and empiricism. 
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The maniifacture of alum from the Upper Lias shale has famished 
ertensive employment aud considerable emolument ; but there appears 
little encouragement to establish works in new situations. The principal 
material in the process does not retain its essential chax^acters much 
further south than the present establishments ; and the difficulty of 
transporting materials to a distance will probably confine the trade to 
the vicinity of the Peak, Lyth, Kettleness, Boulby, RockcliflEi and Guis- 
borough* 

Jet, now one of the most valuable products of the Yorkshire coast, 
has probably been known and worked into ornaments ever since the 
Boman road reached the Bay at Sandsend. It is simply coniferous 
wood, and in thin sections shows clearly the chamcteristic structure ; 
frequently resin masses, of oval figure, enveloping larger tissue than 
occurs elsewhere appear under the microscope. Impressions of Ammo- 
nites and other fossils appear on surfaces of jet, and prove that it had 
passed through a condition of softness. 

The best jet, a hard compressed mass, occurs near the base of the 
Upper Lias, and less plentifully in other parts of that rock, " Soft jet," 
of less firm texture, is obtained from the sandstones and shales of the 
Oolitic series, 

Peteoleum is found chiefly in hard shales and nodules above the Jet^ 
beds, bathing the fissures of the rock and entering the cavities of Ammo- 
nites, from which circumstance it has sometimes been supposed to be 
of animal origin, A sort of distillation from the jet-making plants 
appears more likely. 

Ptmtes is very common in all the clays of East Yorkshire, notably so in 
the lias, wliere it forms often the exterior sheath round coniferous wood, 
and gathers round Ammonites, Belemnites, andPen tacrinitcs. Some shells;, 
as those of AmmonifeB Midgramus and Inocermnus duMm, have been 
apparently converted to this substance (which abounds in a bed in the 
upper part of the Eston Ironstone series), so as to yield 28 37 per cent^ 

2b 
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of Bulphur. The presence of so mucli sulphur in the Lias and other clays 
is not very easily explained. The opinion is acquiring favour which 
attributes to sublimation, from deep sources, of chlorides, sulphides, &c. a 
considerable share in the impregnation of metallic veins; and M. 
Daubr^, in a late notice*, speaks in this relation of the cupriferous 
slaty beds of Thuringia. There seems, however, in the remarkable 
a^regation of pyrites about the alveolar chamber of a Belemnite which 
is common in the Upper lias, an indication of the derivation of the 
sulphur from the bodies of these invertebrate animals. 

Gypsum occurs in irregular beds and ramifications in the Upper Triassic 
marls on the Tees, near Coatham, and has been penetrated by borings. 
Crystals of this substance (selenite), of smaU size, formed apparently in 
small cracks and fissures, occur in some parts of the drift near the Spa» 
Scarborough. 

Baeytine. — Professor Daubr^ quotes this mineral as occurring on 
the surfaces of fossils at Whitby. It is found among other crystalliza- 
tions, as quartz, calcite, carbonate of iron, galena, by the side of the 
Cleveland Dyke. 



BiOCK-SALT. 

The discovery of rock-salt in large quantity at Middlesborough by 
Messrs. Bolckow and Yaughan, leads to some interesting questions, both 
geological and economicaL In what part of the series of strata does it 
occur ? what inferences in relation to the discovery of coal at a greater 
depth may be foimded on this occurrence ? what is the commercial value 
of the discovery ? 

According to the report of Mr. Armstrong (1869), the boring pre- 
sented the following strata; the salt is supposed not to have been bored 
through : — 

* Bead to the GeoL Soc of Franoe, August 7, 1871. 
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fbet 

Mud, loamy sand, and clay ,...,*,,.., 58 

Rock mked with clay 12 

Koek mixed with gypsum, and iocluding two beds of gypsum 

of 2 feet and 6 feet respectively . . , , 69 

White and red sandstone and gypsum veins , , , . . 1067 
I' very dark .•.*.,,.•, 4ft- 1 in, 

^ _ rather dark . . 39 ft, 11 in. 

rather hght , ,.•.,..., 9 ft. in. 
I very light , .... 47 ft. in. 



100 



Total 



1306 



Rock-salt, viewed in a general maimer, is not confined to the Triassic 
strata ; it occurs in subcretaceous beds in Spain, and in tertiary beds in 
Poland, In Germany the salt rocks and considerable salt springs are 
found in the Lower, Middle, and Upper Trias, In England they have 
been usually referred to the Upper Trias, in which they occur in limited 
tracts, of one or a few miles in the greatest dimension. The greatest 
thickness which has been attributed to the Upper Trias is in Cheshire, 
where Mr, Ormerod estimated it at 700 feet above the salt, and 'M)0 feet 
below it* He also assigned to the Red Sandstones below 600 feet*. 

In my examination of these strata in the Tale of the Severn, the 
whole of the Upper Trias was found to be 750 feet, and the Red Sand- 
stones below 4100 feet. The Droitwich salt springs in this district are 
referred to the Upper Tiias. 

The depth from the surface to the Middleshorough salt is much 
greater than the sinMngs in Cheshire or Worcestershire, but is exceeded 
by the deep boring at Kissingen, which reached 2000 feet. It does not 
begin at the top of the New Red marls, hut in some part of the Gypseous 
serieSj which is seen in cliffs lower dovra the Tees, Other borings, at 
Kirk^Leavington to a depth of 120 fathoms, and at Middleton-one-Row to 
above 100 fathoms, contribute data toward determining in what part of 
the Triassic series the Teesdale salt is found. Of these, the trial at 
Kirk-Leavington n^w Tarm is the most instructive, if the designations 
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of the rocks penetrated can be depended on. The boring began 74 feet 
above high-water line, and probably at a depth in the Trias of 200 or 
300 feet:— 



Workmen's Report. 



Conjectural Classification. 



Reddish clay . . . 
Fine and coarse sand 
Reddish clay . . . 



ft iXL 



Yellow and white sandstone and sand and 
gravel 

Light bluish sandstone . . • ... . . 

Hard white sandstone and fire-clay .... 

Red-sandstone beds 

Red sandstone with thin alternations of red 
clay, red fake and blue 

ft. in. 

Magnesian limestone .... 69 

Red fake and clay 11 8 

Red fireclay .•...;. 95 
Magnesian limestone .... 60 

Red fake and clay 2 8 

Magnesian limestone .... 16 

Red fake and clay 5 1. 

Red sandstone, hard 

Red sandstone and fake ... 6 4^ 
Red shale and sandstone with 

threads of grey metalstone . . 16 2^ 
Grey pyritic sandstone .... 10 
Bed shale and bands of hard red 

saudstone 24 3 

Gypsum (called chalk or pipeclay by the 

workmen) 



. ^ I Lower part of the Keuper, 
r or Upper Trias. 

(No Middle Trias). 



51 






10 2 I Upper part of the Lower 
119 10 I Trias, or " Water-stones." 

4 loJ 
204 3^ 



75 3 



> 42 8 



19 2 



> 47 10 



} •"{ 



623 9 



The Lower Trias, or Bunter- 
^ Sandstone Series. 



Gypseous clays, &c. above the 
Permian limestones. 



According^ to this conjectural classification, the Bunter sandstone of 
Croft, Middleton-one-Bow, and Tarm is found above gypseous beds at 
Kirk-Leavington ; and we may suppose the sandstones "white and red" 
of the Middlesboroujgh boring to be of the same type. This would bring 
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the salt of Middlesborough to a position in the lower, if not the lowest, 
part of the Trias ; and Permian beds of some kind might be looked for 
at no great depth below. 

K we take another view, and range the salt of Middlesborough on the 
parallel of the Cheshire deposit, there is the great difficulty of thickness ; 
for if we add to the actual depth of 1306 feet 200 or 300 feet more for 
the Upper Trias not penetrated, we obtain a result quite unexampled, and, 
taking into account the general inclinations of the mesozoic strata, hardly 
admissible. Regarded generally, the dips jfrom the Cleveland Hills 
(including rolls and faults), eastward to the coast, southward to !Rosedale 
and Thirsk, do not exceed 60 or 70 feet in a mile, a common estimate for 
these strata in England. According to this view, the Lower Triassic beds 
could not be expected to dip from Croft or Sedgfield so that their upper 
8ur£eu)e should sink 1400 or 1500 or more feet in the distance of 10 or 15 
miles. If it be so, or a great fault be assumed throwing down to the 
south, local circumstances must be imagined to have produced an 
uncommon thickness of the Upper Triassic strata ; and for this there is 
no independent probability. On the whole the former appears at pre- 
sent the preferable opinion. 

Both by reason of the great mass of salt and its comparative purity, 
the discovery must be regarded as of high commercial value. Upon 
analysis, according to Mr. Marley, the salt yielded : — 

Chloride of sodium 96*63 

Sulphate of lime 3*09 

Sulphate of magnesia '06 

Sulphate of soda 10 

Silica -06 

Iron trace 

Water '04 
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CHAPTER XIV. 



THE BASALTIC DYKE, 



One of the most remartable features on a geological map of England 
is the line of the great trap dyke, from beyond Coekfield Fell in Durham 
to the Sneaton moors in Yorkshire^ a distance of 60 miles. That this 
subterranean wall of basalt is really connected through the whole of this 
length, few wiU be inclined to dispute who have studied the character of 
the rock, and obseo^ed its bearings at Coekfield Pell, Bolam, Langbargh, 
and Silhoue Cross ; but it is not traceable between all these points on the 
surface of the ground ; very probably it does not everywhere reach to the 
surface, because of some discontinuity or impediment in the fissure. It 
is a common opinion that this dyke is united, toward the west, with the 
'* great whin siU," or basaltic formation of Upper Teesdale, from the 
eastern end of which another long dyke app^rs to arise; but the 
actual junction is not traced. The earliest date to be assigned to the 
dyke is the middle part of the Bath Oolite period. It may have been of 
much later date. On the east it does not reach the searside, but termi- 
nates obscurely after crossing near its source the easternmost branch of 
Littlebeck. The direction to which the eastern part points might connect 
it with the small dislocation of Haiburn Wyke, the great fault at the 
Peak being quite out of the probable course. Its general direction is 
E.S.E, and W.N.W, ; but in seveial places considerable deviations in this 
respect are observable. The breadth is commonly about 60 feet, as at 
Coekfield Pell, Langbargh quarry, and Egton ; but it diminishes to less 
than 30 feet at the eastern extremity. At Bolam in Durham, it expands 
into a large pyriform mass, having the appearance of an interposed bed, 
resting on black shale. The sides of the dyke are seldom perpendicular, 
but generally slope downwards toward the north. At Langbargh quarry 
this slope is about 1 in 8. The strata through which the dyke passes are 



Chap. XIVJ MINERAL COMPOSITION. ^^^ 191 

generally dislocated, so that a given layer is found considerably higher 
on the south side than on the north. 

As might be expected, this hard rock has been less wasted by watery 
currents and the changes of the atmosphere than the softer strata which 
bound itj and therefore in some places it appears above them in a long 
crest or ridge. On Clifton Rigg its blocks^ lying bare on the surface, 
have been compared to prostrate pilasters half buried in ruins ; near 
Egton Bridge it stands up in a lofty wall, over the waters of the Esk ; 
and beyond Silhoue Cross it ranges along the moors Uke an ancient 
military road ; but in a large portion of its course, especially in the wide 
vale of the Tees, it is concealed by diluvial aecumulations. 

The composition of the basalt presents few peculiarities. Olivine, cal- 
careous spar, mesotype, and quartz are the principal extraneous minerals. 
Hollow geodes occur in it, of which the walls are amethystine quartz, 
presenting crystalline facets to the cavity, which contains a crystal of 
carbonate of lime. The joints, which are often lined by a sooty substance, 
are in most quarries irregular, and lie in all directions ; but sometimes a 
tendency may be noticed to that horizontal prismatic structui*e which 
prevails in narrower dykes of the same substance in the Island of Armn, 
At Bolam, in Durham, where the mass extends itself more horisontally, 
the pseudo-prisms approach to a vertical position. Thin, flexuous, irre- 
gular, nearly horizontal layers of basalt appear in Langbargh quarry, and 
decomposing balls, with ochry outsides, are common, 

The following strata are divided by this remarkable dyke, viz* : — Moun- 
tain-limestone near Middleton ; sandstone* shale, and coal in Durham ; 
Magnesian limestone. New Bed Sandstone, and Red Marl in Durham and 
the north of Yorkshire ; lias shale &c., and the lower sandstones of the 
Oolitic seriesj in the north-eastern moorlands. These strata, where they 
come in contact with the basalt, are more or less altered in appearance 
and composition ; and the change seems generally due to the action of 
heat. At Cockfield Fell the coal near the dyke is converted to a black 
substance like concreted soot, at a small distance changed to a cinder 
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without bitumen or sulphur, and beyond gradually regains its usual 
properties. " In the stratum above the cinder a great deal of sulphur is 
sometimes found, in angular forms, of a bright yeUow colour, and very 
beautiful" *. " At Berwick-on-the-Tees the white sandstone is usually a 
good workable freestone — ^but where the dyke passes through it, is so 
much indurated as to be unfit for masonry, and is only employed for 
embankments and similar purposes. Along the whole range by Lang- 
bargh, Eirkdale, and Eskdale the action of heat upon the contiguous 
shale is plainly discernible: part of it has been quite bleached, and 
greatly indurated ; in other parts it has the aspect of scoria, and the iron 
appears as a loose yellow ochre" t. At Egton Bridge the blue lias shale 
is changed by the dyke to a white or pale greenish yellow, and made to 
resemble jasper in hardness. A white indurated earth in some places 
separates the dyke from the neighbouring strata ; and occasionally the 
external portions of the basalt are altered to a friable mass, the iron 
oxidated, and the felspar decomposed to porcelain clay. Among the 
minerals which owe their locality to the dyke, are galena, sulphate of 
baryta, carbonate of iron, and quartz, all crystallized in proximity to the 
erupted rock. 

* Mr. D. Tuke, in a communication to the Yorkshire Philosophical Society. By " sulphur," 
used in a miner's sense, we must understand iron-pyrites. 

t Rev. L. V. Harcourt, in a valuable communication on the geology of Cleveland. 
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CHAPTER XV. 



OEGA^IC REMAINS — PLANTS. 



A LARGE part of the series of Mesozoic life, as kaown in the northern 
zones of the earth, is represented by the Fossils of the Yorkshire coasti — 
not the whole, since we have little or nothing to show for the Triassic 
ages, and the interral between Kimmeridge Clay and Chalk, though 
filled with interesting remains, exldbits chiefly one large series of argil- 
laceous sMiments. The land and freshwater life of the Oolitic period is 
abundantly represented by ferns, Zamia3, and conilers^ a few bivalve 
shells, and crustaceans. Marine life is fully, if not continuously, exhi- 
bited fifom near the base of the Lias to the upper zones of the Chalk, 

Since the former issues of this work the search for fossOs in the 
Yorkshire cliffs, which had been prosecuted with unrivalled success by 
Mr, Bean and Mr* Williamson, has been continued by many followers not 
unworthy of such admii-ablc leaders. Not very many new forms of life 
have thus been discovered ; but the means for specific discriJnination, 
and for comparison with analogous fossils in the south of England, iiave 
been increased. Careful descriptions of several groups of Yorkshii-e 
fossils (from the Lias and Oolites) have been prepared by Sir C. Bunbury, 
Mr, Ijeckenby, Dr. Lyoett, Professor Morris, Mr, Simpson, Professor 
Williamson, and Dr. Wright. Their labours refer to plants and inverte- 
brata, while the cabinets of the Earl of Enniskillen and Sir Philip Egerton 
are rich repositories of the fishes from the Whitby Lias to the Speeton 
Clays. Some noble additions which have been made to the short cata- 
logue of EeptOes may be well seen in the Yorkshire Museum. 

Formerly the fine and well-arranged cabinets of Mr, Bean and 
Mr, Williamson and Dr. Murray were freely open for study ; but of these 
collections only one remains on the coast (in the Scarborough Museum), 
the others must be looked for divided among distant localities, Mr, 
Leckenbyj indeed, in a considerable degree remedied this unfortunate 
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dispersion by wisely and liberally amassing a splendid series of selected 
specimenSj including many of those which belonged to Mr. Bean and 
Dr. Murray ; and these hare now found an honoured residence in the 
Geolog:ieal Museum of Cambridge, The public museums of Scarborough 
and Whitby contain many admirable specimens ; but additional space ia 
required for conrenient exhibition and study. In the museum at York 
two spacious rooms are devoted to collections of Yorkshire fossils ; and 
the^e are numerous, and only require fresh supplies of specimens chosen 
for novelty, rarity, or excellent condition. 

My own cabinets contain many things, the fruit of my own labour with 
hammer and chisel. Professor Williamson has communicated accurate 
drawings, and Mr. Peter Cullen has supplied me with specimens, of 
plants of the Oolitic series; and useful additions, especially among 
Ammonites, have been obtained from Mr, Marshall and other collectors 
at Whitby, Time has brought many changes of nomenclature since 
1829 and 1836. On these points the experience of Mr, Etheridge, and 
the monographs of Davidson, De Zigno, Duncan, Lycett, and Wright 
have been consulted. After estimating the information obtained from 
these various sourcesj I find myself able to make additions to the former 
catalogue, especially among the plants, the Cephalopoda, and the reptiles ; 
and I have the advantage of referring to the great work on Trigoniae now 
in progress by Dr. Lycett, and to the catalogues of Fishes prepared by the 
Earl of Enniskillen and Sir Philip Egerton ; Mr. Dawkins, Mr, Gwyn 
Jeffreys, and Mr/Leckenby have revised the Lists of Cainozoic fossils; so 
that what follows is a record of ancient life in the Yorkshii^e basin and 
neighbouring land, as complete as the state of my knowledge admits, 
under the heads of Plants, Invertebrata, and Vertebrata, 



Abbreviations sometimes med in tJie following references to Fossil Plants. 

Br. Y. F. for Broagniart, Y4g^taus FoesileSi L* & H. for lindley and Hutton, Fossil Flora. 
G«pp, for Giippert, SyBtema Filiiium fossUium. Sternb, for Sternberg, Flora der Vorwelt, 
Eign- f^ De Zigno, Hora FoflsiMa formationis Oolitica?. Bunb. for Etmbary, in GeoL 
Jounii^, vol. vii. Jjcck. for Leckenby, id GeoL JourDal, toL X3- Pb. I,, 11., &^,f %, 1, 2, 
fee. refer to Plates and figures in this volume ; Ligtt, 1, 2, &c, to tbe figures in the toit. 
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With few exceptions the Bemaiiis of Plants are confined to the sand- 
stones and shales of the Oolitic and liassic series, and are only plentiful 
and varied in those divisions of the former which intervene between the 
Combrash and the Dogger. The three groups of sandstone, ironstone, 
and shale which answer to this description are marked u. (Upper), m. 
(Middle), /. (Lower) in the sections of the coast (Pis. XV.-XXIII.). 

The figures and descriptions are mostly from my own specimens, and 
are oflTered as a local contribution toward the general history of British 
Fossil Plants^ which is now in the hands of Mr. Carruthers. 



Remains of marine plants are, as might be expected, rare in the 
marshy or lacustrine sediments of the Oolitic series in Yorkshire. They 
are of considerable interest, as showing the proximity of the sea-shore ; 
for they belong to littoral forms. 

lign. 1. 




Fuecides aremtus, L. & H. tab. 185. [lign. 1.] 

Thallus expanded into cmyed bifid brancheB. There appear to be tubercolate enlarged 
terminations and traces of a thickened mesial band. The substance is represented by a brown 
stain. 

From middle shale, Oiisthorpe : in my Collection, not well preserved. 

2o2 
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Fucoides diffusus, Phillips, n. s. [Lign. 2.] 

Thallus reticulato-diyaricate, with narrow branches; no trace of midrib. In ^gare it 
resembles F. laeeratus of onr coasts. 

From Gristhorpe : in my Collection, not well preserved. 



Lign. 3. 




Fucoides ereetus, Leckenby. [lign. 3.] 

Leckenby, whose figure (G. J. voL xx. pL xid. f. 3) is here copied, notices what seem to be 
double lines of fructification along the middle of the branches. The terminations on the left side 
are all rounded and a little enlarged. The name was taken from Bean, MS. 

From Gristhorpe and Cloughton Wyke : in the Leckenby Collection. 



Equisetaoe^. 

These are common in the middle and lower shales and sandstones, 
eyen to constituting great part of thin coal-beds ; in some places erect in 
sandstone, in others rooted in shale. 
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LYCOPODIAOEiB. 

Of the plants which, on a first view, were referred to this humble 
tribe, the greater part have since been classed with Coniferad ( Walchia^ 
Cryptomerites). 

lign. 6. 




Lycopodites fdleatu8, L. & H. tab. 61. [lign. 6.] 

Frond slender, expanded, much divided; stem slender, dichotomous, everywhere set with 
bifarious leaves, which are oval, arched, and turned forward, and contracted to the apex. Marks 
of stipnlae. 

From CHonghton Wyke, middle shale. 



FiLICES AND ALLIED PLANTS, 



Solenites. — Under this title Lindley placed the very slender^ simple, or branched 
leaves^ without midrib^ which abound in some layers of middle and lower shale. The 
leaf-structure^ as far as can be seen, consists of parallel lengthened cells. They have 
been referred to the natural £Etmily Marsiliacese, which includes Isoetes and Pilularia. 
They appear to have alliance with the slender-leaved Baiera gracilis^ which conducts 
to the broad-leaved Cyclopteria digitata. 



Solenites MurrayanuSy L. & H. tab. 121. (Isoetites, Zign. FlabeUaria viminea, Ph. 1829.) 
[PI. X. fig. 12.] 

Composed of long (undivided ?), very narrow flat leaves, which spring in a tuft from a 
sheath or enlarged basis. 

It is possible that these leaves are divided like the species of Baiera, by a furcation beginning 
nearer to the base ; they may be compared to the leaf-tuft of a Pinus. 

From middle shale, Oristhorpe and Gloughton Wyke : common. 
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Lign. 7, 




Solenites fwrcaiuM, L. & H. tab. 209. [lign. 7.] 

Frond oompoBed of radiating, often fdroate, long, very narrow flat leaves. It has much 
resemblance to Fucus fastigiatiUy and other almost filiform dichotomous Alg», as well as to snch 
ferns as Asplemum aeptentrionale. 

From Hcalby, in upper shale and sandstone (my Collection) ; from Haibum, in lower shale 
and sandstone (Williamson). 



Idgn. 8. 




Baiera graeiiis, Banbury, 0. J. vii. tab. 12. f. 3. {Cydopieris^ Zign.) [lign. 8.] 
Frond divided into eight long, narrow, obtuse leaves with longitudinal venation. The leaves 
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spring in pairs, from a common centre ; some continue simple, others are once or twice forked. 
I possess a specimen, perhaps distinct, with four nndiyided narrow leaves. 
From Scalby, in upper shale and sandstone (my Collection). 

lagn. 9. 





a. Natural size, b. Magnified. 

Baiera microphyUa, Ph. n. s. [Lign. 9.] 

Composed of long, flat, acute, often divided leaves, in radiatiog tufts. Venation longitudinal. 

From Gristhorpe, middle shale. In the cabinet of Prof. WiUiamson, whose drawing is here 
copied. 

Cyclopteris longifolia, Ph. (l^henopteris lonffifolia, Ph. 1829. Cydopteris digitatii, L. & H. 
Cychpteris ffutUmi, Stemb.) [PL Vn. fig. 17.] 
Frond furcate from a narrow petiole into four long, strongly striated leaves. 
From Bcalby, in upper sandstone. Bean's Collection. 

CyclapUris digitaUi, Br. tab. 61. (Sphenopteris latifdlia, Ph. 1829.) [PL VII. fig. 18.] 
Frond broad, semicircular, petiolate, deeply deft into 2, 4, 8, or more striated lobes. 

Venation radiating, frequently furcate, with fine cross veinules. 
From Scalby, in upper sandstone. 

Dichopteris lanceolata, Zign. tab. 14. f. 2. (Neuropteris lanceolata, Ph. 1829.) [PL X. fig. 6.] 
Frond set with long, oval, simple, smooth, subopposite leaves, with radiating furcate venation ; 

no midrib. 
From the lower sandstone and shale, Saltwick. 
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Diehopteris Umngata, Zign. tab. 14. f. 3. {Neuropteris Uevigata, Ph. 1829. Pachyptmt avata, Br. 
tab. 46. f. 2.) [PL X. fig. 9.] 

Frond bipinnate ; pinnse distant, elongate, set with oval, sabopposite, smooth, sessile pinnolss, 
with fine radiating furcate veins ; no midrib. 

From the lower sandstone and shale, Egton Moors, and Haibnm Wyke. 

The two plants above mentioned have been generally supposed to be identical with two 
named by Brongniart Pachypieris ovata and P. lanceolata, which are represented as having a 
distinct midrib, and no veinules. The specimens, which were examined by Brongniart and 
myself in 1825, cannot now be found in the Yorkshire Museum. It appears to me that Paehy- 
pieris wata, Br., is the same as Diehopteris IcevigcUa, Zign. & Ph. ; but the figure given by 
Brongniart for PaehypUris laneeolata is essentially different from mine. 

Phlebopteris. — ^To this genus of Brongniart^ with areolate venation on each side of 
a straight midrib^ long narrow pinnulse connate at the base^ and sori arranged at the 
end of firee veinules, as in recent Polypodiaceae^ the following five species^ which are 
not very clearly distinguished^ have been referred. The recent Polypodium ramotum 
may be taken for comparison. 

lign. 10. 




a. PkUboptms pdypodioideSf Br., middle of pinnnle, magnified. 6, Bue of pinnule, magnified. In these 
drawingB the places of the sori are marked by oral spaoee. r. Pinnule, of natural sixe, with sori. 

Phlebopteris polypodiatdts, Br. tab. 83. f. 1. [lign. 10.] 
Pinnulffi very long, entire at the edge ; sori 20 or more in a row. 
From the middle shale, Oristhorpe. 



Phlebopteris eontigua, L. & K. tab. 144. 

Pinnulae of moderate length, entire. A specimen in the Yorkshire Museum shows fructifi- 
cation. 

From the middle shale^ Oristhorpe. ^ 
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Fhyxjpteris crmifolia^ Ph. {Pee. propinqua, L.&1I. tab. 119. Polypodites, Zign.) [PI. VIII. 

fig. 11.] 
Pinniilffi very long, crenated at the edge ; sori as many as 30 in a row. 
The crennlation is thought by Leckenby to be due to the development of the firactification ; 
but De Zigno preserres the original nomendatore. 
From the middle shale, Gristhorpe. 



FhUbopieris Wbodtvardii^ Leek. G. J. 
AreolsB pentagonal. 
From middle shale, Gristhorpe. 



pL 8. fig. «■. 



PhldHypteriB Lindleyi, Gopp. (PhUbapteris polj/podwides, L. & H. tab. 60.) 
From middle shale, Gristhorpe. 
The venation is eorrecUy drawn in the figure referred to, but only the principal lines appear. 



To the same genus Brongniart also referred the following remarkable and unlike 
forms : — 

PKUhopterU PTitUipsii^ Br. (FTiyJUtes nervuUma^ Ph. Dictyaphyllum rugamm, L. & H. tab. 104 ; 
Zign. tab. 23. f. 2. HemitdiUs heraeleifoliuSy Gopp.) [PL Vm. fig. 3 ; lign. 11.] 

Frond ramose, expanded into broad pinnsB with undulated edges and decurrent bases. Allied 
to the recent Australian fern PoUypadium BiRardieri. 

From the middle shale, Gristhorpe. 

Lign. 11. 




%]|^ 






a. PhUbopteris PhiUiprii, end of a pinna, b. ORie same, toward the middle, showing the probable place of the 
sori. <?. Polypodium BiUardierif showing the fructification. 

In the Cambridge Museum is a specimen showing a rachis sending off four connate broadly 
foliaceous branches. Other specimens in my Collection exhibit narrower and less irregular 
fixation ; these are referred by De Zigno to a distinct species next to be mentioned. 
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PhUhopteris Leckenhyi, Zign. tab. 23. f. 1. 
Frond ramose, expanded into narrow decnrrent pmnffi, with undulate, crenated borders. 
From the middle shale, Gristhorpe. 

lign. 12. 




PMebopteris undans, Br. (Pecopteris undans, L. & H. tab. 120. PolypodxteSy Zign.) [Lign. 12.] 
Frond narrow, elongate ; pinnae closely set, very narrow, with flexuous midrib ; pinnulae (16) 

short, obtuse, tumid, closely set or connate, so as to resemble lobes. Venation not traced. 

Fructification in a line on each margin of the pinnulse. 
From middle shale, Gristhorpe. 

Cflossopteris PhiUipsii, Br. tab. 61 bis. f. 5 ; tab. 63. f. 2. (Pecopteris paudfoUa, Ph. 1829. 
Sagenopteris, Stemb. Phylhpteris et SagenopteriSy Zign.) [PL VIII. fig. 8.] 

Frond four-leaved ; leaves lanceolate, entire, springing together ; veins numerous, dichoto- 
mous, anastomosing near the seeming midrib, which consists of several parallel veins. Substance 
thick ; greatest length of a leaf 3^} inches. 

From the middle shale, Gristhorpe. 

This species, easily recognizable in specimens, has been so variously represented in engravings 
and lithographs as to be the cause of much confdsion. The drawings communicated by myself 
to M. Brongniart (V. F. tab. 63. f. 2), and the representation in my first edition (both litho- 
graphs), were intended to show the general aspect of natural size unaided by a lens. In my 
second edition the veins were represented with care (by engraving) from the same narrow 
leaves. Finally, an elaborate drawing by Miss Thomhill, showing areolate venation over 
the whole leaf, was copied in the ' Fossil Flora,' tab. 63. There is probably but one species, 
with some variation in the venation, and a considerable difEerence in the length of the leaves, 
among my specimens ; none are without some anastomosis and areolation, and none with so 
much or so uniform a reticulation as that represented by the figure in the ' Fossil Flora.' Com- 
pare with the leaves of the recent Aneimia fraaimfolia, Gflosscpieris cuneata, L. & H. tab. 155, 
a two-leaved form referred by lindley to Otopterisy from the same locality, may be the same 
spedee, young or imperfect. There are, however^ a small specimen in the York Museum with 
four small oval leaves which appears to be distinct^ and a leaf of larger size in the Museum at 

2d2 



204 



ORGANIC REMAINS— PLANTS. 



[Chap. XV. 



Cambridge, of an oval shape, with areolate venation somewhat resembling Sagenopteris Gap- 
pertiana of De Zigno, pi. 22. figs. 1, 2, which is a fossil of the Veronese. 



lign. 13. 



lign. 14. 





Marzaria Simpsonif Ph. [lign. 13 and 14.] 

Frond terminated by eight oonnate leaves with nndnlated edges and what appears to be a 
midrib. Venation not traceable in the specimens seen. This appears to be certainly a fern, 
probably allied to Qlossapteris ; it agrees with the genus Marzaria of De Zigno, except that no 
distinct venules appear. 

In lower sandstone and ironstone, Hawsker. Whitby Museum. The lignograph 13 is from 
my drawing in 1825, the other (14) slightly corrected in 1873. The figure given by Young and 
Bird, pi. 1. f. 3, 2nd ed., is not quite accurate, and shows no midrib. Mr. Simpson has found 
several other specimens in the Whitby Museum, and obliged me with sketches of all. 

lign* 15. 




Tasmopteris major, L. & H. tab. 92. (Aspidites WiOiamsoms, Gopp. Aspleniopteris NUssani, 
Ph. 1829.) [PL Vm. fig. 4 ; lign. 16.] 
Erond broad, entire, petiolate ; veins once or twice furcate, set perpendicularly to the midrib. 
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The analogy with the recent Scohpendrium is obvions, both aa to general figure and character- 
istic venation. The fructification, as yet unknown, should be looked for in the situation marked 
by the dotted line. 

From middle shale, Gristhorpe. 

lign. 16. 




Tcmiapteris ovalis, Stemb. (Otopteris ovalis, L. & H. tab. 110.) [lign. 16.] 
Leaf petiolate, broad, oval, pointed, with simple or furcate yeins diverging at obtuse angles 

from a distinct midrib. 
From middle shale, Gristhorpe, rare. 

TcmiapUris vittata, Br. tab. 82. f. 1-4. (Scolopendrium solitarium, Fh. 1829.) [FLYIII. lig. 5. , 
Leaf solitary, narrow, entire, petiolate, with strong veins set at right angles to the midrib, 

variously furcate. The figure in PL YIII. gives the general aspect and petiole of the leaf. 

somewhat reduced in sixe. The venation is like that of Tcmiopteria major. 
From middle shale, Gristhorpe, and lower shale, Saltwick. 
Aspidium WdUichianum, an Indian fern, is mentioned by Lindley as hardly distinguishable 

from this fossil. 



Pecopteris. — ^In considering this large conventional genus^ Biongniart employed 
subdivisions founded on the form and structure of the pinnube^ examples of fructifica- 
tion being then and still somewhat rare. Other writers have endeavoured to intro- 
duce the classification adopted for recent fems^ chiefly founded on the fructification — 
as yet, however, it appears, with only partial success. I have found the following 
method of grouping similar forms convenient : — 
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§ 1. Pteraidea, Brongniart. Pinnulse attached by the whole base^ usually connate; 
midrib straight^ continuous ; veins springing firom it at an angle usually ex- 
ceeding 4&^, each furcate^ rarely twice furcate. 

Lign. 17. 




Fecopteris insignis, L. & H. tab. 106. [lign. 17.] 

Frond ample ; pinnse alternate, approximate ; pinnnlsd long, narrow, oonnate, tapering, with 
edges usually entire ; veins about 20. 

From the middle shale, Oristhorpe. 

lign. 18. 




PecopterU dentictdata, Brongn. tab. 98. f. 1, 2. [lign. 18.] 

Differs from P. insignia only by the uniformly denticulated margin and fewer veins, these 
being about 12. 

From the middle shale, Oristhorpe. 



Peeopteris Jigata, Ph. [PL Vm. fig. 14.] 

Frond composed of opposite or alternate long, narrow pinnse; pinnulss triangular, arched 
oonnate, entire, with about 12 veins. 

In middle shale, Gristhorpe. 
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Peeaptens Fhillipsii, Brongn. tab. 109. £ 1. [Lign. 19.] 

Frond ample; pinnsB lanceolate, approximate, alternate; pinnnlae obtuse, narrow, entire, 
ckwe, sessQe, connate ; veins 8, furcate ; midrib strong. 

From the Scarborongh coast In the Yorkshire Moseum, according to Brongniart. 

§ 2. Ca9pUo$a. Frond tailed, pinnate; yeins furcate, from a straight midrib. 

{Laccopteris, De Zigno.) 

Peeopterii pofydaetyla, Leek. GeoL Jonm. voL xx. pL xi. fig. 1. 

Stem ribbed, terminated by a crown of long, narrow, connate fronds ; pinnnls narrow, sessile, 
dose, oonnate, a little arched. Fmctification dorsal, consisting of about 12 pairs of sori. 

From lower shale and ironstone at Haibum Wyke. 

Fine specimens in the Leckenby Collection at Cambridge, with pinnffi 8 inches long. Eight 
pinnsB are distinctly seen in this delicate fossi] (there may have been more). 

lign, 20, 




PeeopterU ccupUo§a, Fh. [PI. Yin. fig. 10 ; lign. 20.] 

Stem ribbed, terminated by a crown of long, narrow, connate fronds ; lower pinuuhe broad, 
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short, docnrrenty upper ones long, narrow, sessile, connate, arched. In one specimen 18 fronds 
can be connted* The species appears to have been larger than P. polydactyla, and to have had 
stronger stems. 

Id middle shale, Gristhorpe. 

The figures given above represent fern fronds lying as if they belonged to a csaspitose fern of 
Homething larger proportions than Peeopteris polydactyla ; but it is not certain that they corre- 
Rpond with Pee, ccBspitosa. The fructification has left conspicuous outlines of the sori, agreeing 
in situation with Folypodiaceous ferns. 

In ironstone, lower shale, Haibum Wyke. 

§ 3. Brachypterida. Pinnulse usually attached by the whole base ; midrib more or 
less flexuous ; veins springing from it at an acute angle, furcate or bifrurcate, 
and meeting the edge almost perpendicularly. 

Peeopteris WhitbienM, Brongn. tab. 109. figs. 2-4; not Pec. Whithtensis, L. & H. tab. 134. 
(Peeopteris hastata, Ph. 1829. Pecopteris tenuis, Brongn. tab. 110. f. 3, 4.) [PI. VIII. 
fig. 17.] 
Frond ample, with broad striated rachis ; pinnsB elongate ; pinnulsB dose, arched, broad, sub- 
triangular, sessile, connate, the lowest enlarged ; veins furcate or bifurcate, diverging from a 
Romewhat flexuous midrib. 

From bwer sandstone and shale, Haibum Wyke and Whitby. 

lign. 21. 




Pecopteris dentata, L. & H. tab. 169, not Brongn. (Peeopteris EuiUmiana, Presl.) [lign. 21.] 
Frond expanded ; pinnsB usually alternate, narrow, very approximate ; pinnulsd about 30, 

closely set, sessile, the lower ones dentate toward the apex, the upper ones shorter, not dentate, 

with indications of radial fructification ; veins mostly fiircate, diverging at acute angles from 

the midrib. 

From middle shale, Oristhorpe and Cloughton Wyke. 
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PecopUris Lindleyana, Presl. (Neuropteris arguia, L. & H. tab. 105.) [Lign. 22.] 

Frond expanded; pinnae approximate, elongate; pinnulae slightly contracted at the base, 
dose, oblong, pointed, undulated at the edge. Venation diverging from the midrib in five pairs, 
which are forked toward the margin. Fructification terminal ; son single, large, hemispherical, 
concave beneath, nourished by the midrib. The round sori appear sometimes detached (but in 
situ) by removal of the narrow connexion. 

In middle shale, Gristhorpe, Qoughton Wyke. In the Leckenby Collection. 

Peeopteris eurtata. Ph. [PI. VIII. fig. 12.] 

Frond expanded ; pinnae narrow, approximate ; pinnulae sessile, with undulated edges, set at 
90° to the axis ; veins few, once or twice forked, diverging from a somewhat fiexuous midrib. 
The pinnules are often granulated at the bark. This is believed to be distinct firom P. WH- 
Uamsonis, 

From the lower shale, Stainton-dale cliff, and from the middle shale, Gristhorpe. 




PecopUris WiUianuatus, Brongn. tab. 110. f. 1, 2. (Peeopteris curtata, in part, Ph. 1829. 
AcrostiMtes Wtlliamsanis, Gopp.) [PI. X. fig. 7 ; Lign. 23.] 
Frond expanded, with thick rachis ; pinnae narrow, long, diverging at an angle of 70^ ; 
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pinnnlad short, obtuse, arched, approximate, Bosaile, connate, at right angles to the axis ; veins 
5 or 6, diverging from a somewhat flezuons midrib, once or twice forked. Fructification in 
round small sori. 
From doughton Wyke, in middle shale. 

§ 4. Rariverue. Finnuke shorty with few furcate veins. 

Peeopteris aeuHfolia, L. ik H. tab. 157. f. 2. 

Frond lanceolate ; pinnae frequent ; pinnuhe short, ovato-acuminate, sessile, connate ; veins 
few, furcate ; midrib straight. 

Differs from Peeopteris exUis only in the form of the pinnule. 

In upper shale, under Red Cliff (Dr. Murray). 

lign. 24. 




Peeopteris serrcUa. {Sphenopteris serrata^ L. ik H. tab. 148.) [lign. 24.] 

Frond ample, ramose ; puuue divergent, elongate ; pinnule long, very narrow, deeply cut 

into short, connate, pointed leaflets ; veins few ; midrib straight. 
In middle shale, doughton. 

Peeopteris exUis, Ph. (Peeopteris obtusifoliay L. & H. tab. 157. f. 1, tab. 158.) [PI. YIII. fig. 16]. 

Frond ample; pinnss long, narrow; pinnulsB short, obtuse, sessile, connate; veins few, 
furcate ; midrib straight. Fructification dorsal, consisting of a few sori in two rows. 

In middle shale, Gristhorpe. 



§ 5. Neuropteridea. Veins radiating toward the end of the pinnule. 

Peeopteris lobifoUa, Ph. (Neuropteris lohifolia, 1829.) [PI. VIII. fig. 13.] 

Frond ample ; pinnulae alternate, contracted at the base, thence expanded and undulated ; 
the lowest basal pinnule much enlarged. Venation diverging at acute angles from a somewhat 
obscure flexuous midrib. 
. From the middle shale, Gristhorpe. 



Chap. XV.] FELICES. 211 

PeeopUrii umdulata. (Neuropteris undulata, L. & H. tab. 83.) 

Frond ampler looeely branchiiig ; pniuB distant, long ; pinnnlad distant, alternate, obtuse, 
more or leas undnlated, those near the base small, oval ; farther on they become mnch larger, 
and are somewhat expanded at the base. Venation fhreate. 

From the middle shale, Oristhozpe. 

Peeopteris tn^onstans. Ph. (Peeopteris lohifolia, L. & H. tab. 179.) 

Frond ample ; pinnsB approximate, elongate ; pinnokB sessile, connate in the proximal, sepa- 
rate in the distal parts ; basal pinnulffi enlarged, distal pinnnlsB undulated. Venation flexuous, 
furcate. Three forms of pinnule appear on the same pinna. 

From lower shale, Kaibum Wyke. 

The three forms above noticed belong to one natural group, the two last-named possibly to 
one species. 

lign. 25. 





Peccpteris Haibumeffuia, L. & H. tab. 187. [Lign. 25.] 

Frond ample, with delicate rachis ; pinnae approximate ; pinnulsB oval, broad, sessile ; veins 
mostly twice forked, diverging toward the apex of the somewhat flexuous midrib. 

From the lower shale, Haibum Wyke. 

PeeopUrU reeenHor, Ph. [PL YIU. fig. 15.] 

Frond ample, with a thick rachis ; pinne very long, approximate ; pinnulfi 20-30, oval, 
obtuse, entire, sessile ; veins once or twice forked, diverging from a flexuous midrib. 

From the middle shale, Giisthorpe. 
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Sphenopteris, — To this genus various forms have been^ by Brongniart^ referred^ 
which subsequent writers have endeavoored to place in diJSTerent genera of recent 
ferns. There are two principal groups— one with shorty more or less divided pinnube, 
sometimes approaching Pecopteris, the other with laciniate leaflets and the aspect of 
the recent Hymenophyttum. For convenience this distinction might be employed as 
generic. 

lign. 26. 




Sphenopteris Murrayana, {Pecopteris Murrayana, Brongn. tab. 126. f. 1-6 ; Leek. G. J. vol. zx. 
pi. xi. fig. 2. [Lign. 26, from Brongniart.] 
This rather doubtful species appears to be truly a Sphmopteris. Leckenby represents it in 
partial fructification, and regards the fertile part of the frond as being TympanopTiora racemosa 
of lindley. 



lign. 27. 




Sphenopteris aihyrcides. (Pecopteris athyroidesj Brongn. tab. 126. f. 3. Sphenopterisy Zign.) 
[Lign. 27.] 
A specimen of this singular fern, described by Brongniart, is said to have been from Saltwick 
and to be preserved in the Yorkshire Museum. The pinnules appear to have been attached by 
the whole base, and to have been connate. 



Chap. XV.] 



PILICES. 

lign. 28. 



213 





Sphenapteris modesta, licok. G. J. vol. xz. pi. x. f. 3. [lagn. 28.] 

Frond expanded, with slender stem and branches ; pinnsB snbopposite, frequent, close, long, 
and narrow ; pinnnlffi obtose, sessile at right angles to the axis, a little crennlated at the edge, 
and a little expanded on the distal part of the base ; veins few, mostly furcate. 

From the middle shale at Gristhorpe and Cboghton (Leckenby). 

ligu. 29. 




An allied species, or variety of this [lign. 29], with distinctly aoriculate pinnuls, occurs at 
Stainton dale. 




Sphenopterii qffinis, Phil. [lign. 30.] 

Frond bipinnato ; pinnse alternate, frequent, tapering ; pinnulfle separate, subpetiolate, alter- 
nate or subopposite. expanded, subtrilobate, crenulated. Venation composed of a few mostly 
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fdrcate, fine veins, diverging almost in pairs from a fine mid vein. The lowest pinnule is not 
enlarged, the stipe is a little flexnous. 

From ironstone in lower shale, Haibnm Wyke (my Collection). 




Fig. 1. Finnulie, with eori, nat size. Fig. 2. FinnuliB. with •ori, enlarged, ). Fig. 3. Thecal dumb. Fig. 4. 
PinnuliB of full ordinary size. Fig. 5. Pinnule, enlarged, f . Fig. 6. Basal pinnulie, enlarged, f . Figs. 7, 8. A 
somewhat different form of pinnola. 

Si)henopterii socialis, Ph. [lign. 31.] 

Frond bipinnate; pinnee narrow, tapering; pinnolsB approximate, snbpetiolate, mostly 
5-lobed, crenate, the basal lobes of the proximate pinnulae expanded and deeply cleft. Fructifi- 
cation marginal, the leaf-edge being apparently deflected. Usually three spore-masses ; but the 
basal pinnula appears to have had every lobe fructiferous, as in Sph. nephrocarpa, Bunb. 

In ironstone and shale, lower series, Kaibum Wyke, Saltwick. 



lign. 32. 




a. Pinnula from a sandstone specimen, magnified, b. Pinna from a specimen of Mr, Bean's in ironstone. 

c. Pinnula from the same, magnified. 

Sphenopterii dissoeialU, Fh. [Lign. 32.] 
Frond bipinnate, ample, with slender stem ; pinnae very long and narrow ; pinnulae petiolate 
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separate, short, deeply cleft into crenulated lobes. The petiolate attachment is remaricable in 
specimens from the Bean Collection, in the Yorkshire Mnseom, named by him, but not correctly, 
Sph, stipata. 

In lower sandstone, Haibum Wyke, Saltwick. 

lign. 33. 




Sphenopieris gmnqudobaf Ph. [lagn. 33.] 

Frond bipinnate ; pinnse long, narrow, with a slightly flexuous axis ; pinnolsB separate, petio- 
late, 5-lobed, changing to 3-lobed toward the apex of the pinna. Brongniart (tab. 126. fig. 5) 
assigns a form like this to his veiy unlike Peccpteris Murrayana. 

From lower shale, Haibum Wyke and Stainton-dale cliff. 



lign. 34. 




PixinuliB magnified four times : 1, with fractiflflation ; 2, ordinary form. 

Sphencpteris hymenophyUoides, Brongn. tab. 56. f. 4. (Sph. itipata, Phil. 1829.) [PI. X. fig. 8 ; 
Lign. 84.] 

Frond bipinnate ; pinnsB long, narrow, approximate, with a straight axis ; pinnube connate, 
deeply deft into crenated lobes, the lowest of whioh, on the distal edge, is usually somewhat 
enlarged. Fructification marginal ; usually one large soruB at the end of the upper inner lobe 
(fig. 1). Compare with DavaUia eanariensis. 

In lower shale, Haibum Wyke. 
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Hphmfq»Uru eremdaia, Brongn. tah. 56. 1 3. !lign- 35.] 

Fnmd bipiBnate ; piniue lanceolate; pdnnnlc connate at the baae, bi- trilobate at the somxnits. 
From lower fhale^ Haibam Wjke. 

ligD. 36. 




iS/7/ieyi02>tem arbuteula, Phil. [lign. 36.] 

Frond bipinnate, with slender stem and branches ; pinnae rather distant, ovato-lanoeolate, 
with somewhat flexnons axis ; pinnnlae distinct, oval, deeply cleft into crennlated lobes, midrib 
flezoong. The outer or Upper basal pinnola (h) much larger than the lower one (c). 

From the lower shale, Kaibnm Wyke and Stainton-dale diff (my Collection). 

Gompare with the recent Aspidium atomarium and the figures of Peeopteris Murrayana, 
Bnmgniart, tob..l26. 1 1-5. 
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1. Pinnula, natural size. 2. Extremity of pinna with only the principal Teins preserred. 

Sphenopteris arlmseula, var. [lign. 37.] 

In this case the frond is taipinnate, the pinnola being ^itirely pinnatifid, and the lobes 
decomposed into petiolate quinqnepartite leaflets, set on a flexuons axis. It may be from a lower 
part of the frond. 



Lign. 38. 



Lign. 




Sphenopteris denticulaia^ Brong. tab. 56. f. 1. {SphenoptertB arguta^ Lindley, tab. 168.) [Lign« 
38 & 39.] 

Frond bipinnate, pinna) with slightly geniculate axis; pinnnke with diverging narrow 
deeply cut lobes, which are bifid or trifid at the extremities, analogous to Sph. hymenophyUoides 
[lign. 39], but with a difference of form in the pinnnlae of the two allied species, as may be seen 
by comparing the lignographs given above. 

In middle shale, Gristhorpe. In lower shale, Haibnm Wyke. 

Sphenopteris WiUiamsoni, Brongn. (SphenopUris digitata, Phil. 1829.) [PI. YUI. fig. 6.] 
In middle shale, Gristhorpe. 

Sphenopteris museoides, Phil. [PL X. fig. 10.] 
In lower sandstone, Haibum Wyke. 
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lign. 40. 





Sphenopteria Jugleri, Leek. G. J. vol. xx. [Lign. 40.] 

The minutely dissected character of the frond is well seen in Mr. Leckenby's specimens at 
Cambridge, from which the aboTe sketch was taken. 

In lower shale, Stainton dale. 



Ctmisfaleata, L <fe H. tab. 103. [Fl. VII. fig. 21.] (Ct/oaditea madeaulisy Ph. 1829.) 
Frond ample ; rachis thick, solcate ; leaflets long, with parallel entire edges attached by their 

widened approximate bases ; yenation parallel, simple or once furcate, curved at their origin 

from the rachia. 

In middle shale, Gristhorpe. 

The ^ace of this plant is disputed between Zamiace» and FUices. It has not been seen 

branched ; and the terminations of the leaflets are rare. 



lign, 41 




OdoniapterU Leekenbyi, Ziga. [lign. 41.] {CUnii Leckenh/i, Bean, G. J. vol. xx. pi. x. f. 1 a.) 
Frond bipinnate; rachis thick, sulcate; pinnie formed of short, broad, arched pinnuke, 

attached by their widened approximate baslB to a slender axis ; venation subparallel, usually 

twice forked (5 veins and 20 terminal venules). 

In middle shale, Gristhorpe. Rare in the Leckenby Collection. 
The place of this plant in classification is doubtful. 

Fructification of FasM Ferns. — On this subject a considerable amount of knowledge 
is gathered^ but not as yet carefully discussed. The type conunon among polypo- 
diaceous living ferns is the most frequent (see Phkbopteris crenifolia) ; a different 
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arrangement (see Sphenqpteris) resembles that of Davattia; and a third is seen in 
Pecopteris lAndUyana. 

Some ci the fertUe pinnae^ seen separately^ have been named Tympanophora simplex 
(L. & H. tab. 170 a) ^ which seems to be of a polypodioid type^ and T. racemosa (L. & 
H. tab. 170 b)^ which is referred by Leckenby to Pecopteris Mwrrayana (probably a 
SpheMpteris) of Brongniart. Bunbnry figures and describes fructification like that 
of Sphenqpteris hymenophyUoides under the title of Sph. nephrocarpay and refers for 
comparison to Tkyrsopteris elegans, fix)m Juan Femandess. 




Lign. 43. 




Q 



Sphenopterioid. 
Tympanophora raeemoea. 



PolTpodioid. 
Tympanophora simplex. 



Tree-Fern Stem. — The only example which has occurred to me, represented below, 
was taken by myself from a soft bed of sandstone in the middle shale of Gristhorpe - — 

lign. 44. 
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Gtoadaoe^. 

The passage from Ferns to Cycadacese is by a more easy gradation 
among fossils than among living races. The first group here noticed 
among Cycadacese has, in the general air of the fronds and the method 
of venation, enough of resemblance to iFUices to have induced lindl^ to 
place it among them, under the title of Otopteris ; they certainly belong 
to Otozamites of Bronn, or Palmozamia of Brongniart. 




a. Upper leaflets, b. Middle leaflets, c. Lower leaflet 



OtozamiUs Beanii. (Otopteris Beanii, L. & H. tab. 44.) [lign. 45.] 

'Frond long, narrow, composed of many broad smooth leaves, partly covering each other, which 
spring from the upper surface of a striated stem. 

Yenatioii diverging from the proximal part of the base of the leaf, and forked into about 100 
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diyisioiiB near the edge. The leaves are nearly circular in the lower, oval in the middle, and 
lanceolate in the npper part of a frond 20 inches long. In the Lcckenby Collection. 

Leaves corresponding in arrangement and form to the upper part of Cyclopteris Beanii, are 
represented in the * Fossil Flora,' tab. 208, under the title of Otopteriaacaminata^ var. brevtfolia. 
Another figure, by Leckenby, G. J. xz. pL x. fig. 2, entitled Otopteris mediana, presents con- 
iderable resemblance. 

From middle shale, Gristhorpe. Leckenby Collection and my Cabinet. 



lign. 46. 




OtazamiU$ tenvatus, (Otopteris tenuata. Bean, MS.) [lign. 46.] 
Frond long, narrow ; leaves nearly circular, crowded ; venation radial, unequal. 
In lower sandy shale, Haibum Wyke. Compare Peeoptens Desnoyenii, Br. tab. 129. 

from the oolite of Mamers. 

lign. 47. 



f. 1, 




Otazamites paralUlus, Ph. [Lign. 47.] 

Frond very long, narrow, composed of many oval slightly obtuse leaves two or three times as 
long as broad, set perpendicular to the rachis ; venation radiating from the proximal part of the 
base of the leaf, furcate, and dividing to about 40 venules toward the edge. The specimen 
figured is above the average sixe. 

From the lower sandstones near Whitby. 
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In my ColloGtioii, a speoimen 8 inches long oontainB 25 leaflets on each side, the breadth of 
the frond not more than I| inch. 

The Yorkshire fossils have usually been referred to Otopteris obtusa, L. & H. tab. 128, which 
was described from two specimens (obtained from the lias of Dorset) in the Oxford Museum. On 
comparison, however, these specimens are found ta have the leaves much narrower in propor- 
tion, and set more obliquely on the rachis. In outline, the leaflets of 0. paraUelus agree nearly 
with Filicites Beglei, Br. (Ann. d. Sd. Nat. voL iv. tab. 19. f. 2.) 



lign. 48. 




Otozamites obtusu. (Otopteris ohtusa^ L. & H. tab. 128. PalcBOzafnia Bucklandi, Br. G. J. 2nd 
ser. vol. i. pi. vii. f. 2.) [lign. 48.] 

Frond narrow, composed of arched obtuse leaves (three or four times as long as broad) set 
obliquely on the rachis. Veins numerous, radiating from the proximal edges of th6 base, furcate. 

From the lower shale, Haibum Wyke. 

The names above quoted refer to the same specimen, which was taken from near the base of 
the lower lias at Axminster, and is now in the Oxford Museum. Brongniart gives a figure 
(Ann. d. Sci. Nat. tome iv. pi. 19. f. 3) from a French specimen, taken from the oolite, larger 
but not so perfect as the English type. In the York Museum is a frond of large size, 9 J inches 
long, with 25 leaflets IJ inch long. The terminations of the leaflets are a little oblique, the 
upper edge least obtuse. 




fH0tamiii$ ffraphieus. (Otopteris ffraphica, Leek, from Bean's MS. G. J. vol. xx. pi. viii. f. 5.) 
(Ugn. 49.] 

''Frond very long; leaflets cuneiform, oblique, their bases expanded, apices subacute." 
I^idum}tyf in 0. J. vol. xz. pi. viii. f. 5. A specimen in the British Museum is 2 feet long. 

f lower nholo, Haibum Wyke. 
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a. Upper learee. 



Lower leayes. 



OtoeamiUs acuminatus. (Otopteris acuminata^ L. & H. tab. 132.) [lign. 50.] 
Frond ample ; leaflets acnte, sabanricolate ; venation radiating from the proximal part of the 

base. ThiB plant is one of the largest of those found on the Yorkshire coast. 
From the middle shale, Gristhorpe, and lower shale, Haibom. 

lign. 51. 




Otazamites gramineus, Ph. [PI. X. fig. 2 ; lign. 51.] 

Frond ample (3| inches wide); leaves very long, arched upwards, subauricolate ; venation 
strongly marked, radiating from the proximal edge of the base ; sorfjEioe striate. 

In lower sandstone, Whitby, Saltwick. York Mnseom, Leckenby Collection, my Cabinet. 

The figure given above represents the terminal portion of the frond. 

Otozamitis laneeolatu$, Ph. [PL X. fig. 3, lower aspect.] 

Frond long and large, with a strong striated rachis ; leaflets lanceolate, with acute apices 
and rounded bases ; "venation radiating at its origin, becoming afterwards parallel to the lo^er 
margin. This somewhat resembles Zamiies ffigas, L. d^ H. tab. 165, in which, however, the 
venation appears different from what is usual in the Otosamids. 

In the lower sandstone near Whitby. York Museum. 
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Otozamites htifoHus, Ph. [PL X. fig. 1.] 

Frond ample ; rachis slender ; leaflets broad, acnte, contracted and subanriculate at the base ; 
venation delicate, radiating to the npper margin. 

A rare species from the lower sandstone of Saltwick. York Museum. 




Otozamites gracilis, Ph. (Otopteris lanceolata, Leek, from Bean's MS.) [lign. 52.] 
'< Frond tapering, contracting abruptly at the apex, leaflets long, slender, their apices acute." 

Leek. G. J. vol. xx. pi. yiii. f. 4. A specimen in the Cambridge Museum, 12 inches long, has 

44 leaflets. The venation approaches to parallel, not radiating, which brings it near to 

PterophyUum, 

In lower shale, Haibum Wyke. 



WUliamsonia gigas, Carruthers, Linn. Trans, vol. xxvi. p. 680. (Zamites gigas, L. & H. tab. 
165. Williamson, linn. Trans, vol. xxvi. t 52, 53.) [PI. XXIV. ; lign. 53.] 

Frond very long ; leaflets lanceolate, pointed, contracted at the base ; venation at first a 
little divergent, afterwards subparallel to the margin. 

The fructification of this plant is the subject of an elaborate memoir by Professor Williamson 
in the Transactions of the linnean Society (vol. xxvi.), who has, apparently with success, 
restored from many fragments the general aspect of the male blossom, and the carpellary disk 
with twin ovules of the female. My sketches on PI. XXIY. (made in 1825) will give a fair 
notion of some of the important parts. The two upper and two lower figures represent, in Pro- 
fessor Williamson's view, *' verticils of enlarged bracts " of the male in different aspects. These 
bracts enclose a pyriform axis within the circle of cells (upper left-hand figure) ; this axis 
supported parts not seen in these specimens, and was sheathed by a radiating structure supposed 
to have been antheridious. 
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The middle figure is the '* caipellarj disk" formed round the central axis by the coalescence 
of a single verticil of ovule-bearing bracts. 

The specimens are in the Whitby Museum. The striated shading, which appears on the 
edges of some bracts, is supposed to represent no part of this structure ; it occurs, however, in a 
specimen in my cabinet bordering what seem to be two connate bracts or scales. 




a. Bhomboidal leaf-scar from the impremon of a item in uronstone. h. Leaflet in the middle of the frond. 

0. Leaflet m the lower part of the frond. 

The frond figured by L. & H. tab. 165, under the title of Z, ffiffas, was not found with any of 
the portions of the flower or fruit. 

Mr. Carruthers adds PterophyUum peeten and Pt. pectinoideum of this work to the genus 
Williamsonia. 

From the lower sandstone, Whitby. 



Li*?!!. 54. 




ZamiUs laneeolatui, L. & H. tab. 194. [Lign. 54.] 

Frond patent; rachis slender; leaflets very long, narrow, lanceolate, pointed, much con- 

26 
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tracted at the base ; yenation subparaUel to the borders. Compare with the Dion eduU of 
Mexico. 

In lower sandstone, Haibom Wyke, Whitby diff. 

Pterophyllum pectinotdcum. Ph. (Zamites Aa^u2a ?, Bean, MS. WUliafMonia Aoffula?, Car- 
ruthers. Zamiiss PhtHipsii^ Zigno.) [PI. X. fig. 4.] 

The usual aspect of the leaflets is marked by a few (5-7) interrupted striffi subparallel to the 
border ; these are sometimes pitted. In one slightly carbonized specimen I find under the micro- 
scope the original epidermal surfEtce perfect, with numerous (50 or 60) parallel concave pitted 
striae and intermediate tuberded ridges, much as in some recent Conifers and in the other 
Cycadaceous plants of the Yorkshire coast when well preserved. 

From lower shale and sandstone, Saltwick, Haibum Wyke. York Museum, my Collection. 

This species is not, as I supposed in 1829, to be referred to the Stonesfield fossil figured by 
Sternberg as PolypodioliUs peetiniformis, by L. & H. (tab. 172) as Zamta peetinata, and by 
myself^ G. of Oxf. Diagr. xzz. It may be, as Bean appears to have thought it, identical with 
what he names Z. Tuutulaj WUliamsonia haaiuUi of Carrathers, ZamiUs PhiUiptii^ Zign. 1873. 
Regarding it as a PterophyUum^ it seems best to retain the ancient name for the present. 

lign. 55. 




PUrophyllwn medianum^ Bean, MS. [lign. 55]. (Leek. pi. 8. f. 3, not f. 2 ; Zigno, pi. 29. f. 4.) 
Frond long ; leaflets long, rounded at the extremity below, acute above, approximate at the 

base ; venation paralleL 

De Zigno figures a fine specimen (pi. 29. f. 4), 2^ inches wide. 
In middle shale, Gristhorpe. 



Pterophyllum peeten, Ph. (L. & H. tab. 102 ; Leek. tab. 9. f. 4. WilliarMonia peeUn, Carruthers ; 
Zigno, tab. 29. f. 1, 2.) [PL VII. fig. 22.] 
Frond petiolate, long, and very narrow (^ an inch) ; leaflets obtuse, a little widened at the 
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base ; yenation parallel. The *' flower/' according to Leckenby, is composed of a central convex 
disk, sorroonded by about 14 short striated leaves. 
In tiie middle shale, Gristhorpe. 

PteropkyThm wmptum. Ph. (L. & H. tab. 66 ; Leek. tab. 9. f. 1.) [PL VII. fig. 20.] 

Frond petiolate, long, lanceolate ; leaflets broad, sometimes unequal, a little arched upward 

toward the end, approximate at the base; venation parallel, strongly marked; breadth 

1-2 inches. 
In a finely preserved impression of the lower surface there is an appearance of oval stomata 

and smaller dots between the rather sharply cut striae. Karely one or two veins are furcate. 
In middle shale, Gristhorpe, and upper shale, "^^liite Nab. 

lign. 56. 




Pterophyttum angustifolium, Bean ; Leek. pi. 8. f. 2 (not f. 3). [Lign. 56. j 
Frond expanded ; leaflets very long, tapering, acute, perpendicular to the rachis, approximate 

at the base ; venation parallel. 
In middle shale, Gristhorpe. 

PtsrcphyUum tenuieaule, Ph. [PL YU. fig. 19.] 

Frond lanceolate, ample, with a slender rachis ; leaflets perpendicular to the rachis, unequal, 
ending obtusely, approximate at the base; venation parallel, delicate. An elegant and ruro 
species, 3 inches in breadth. 

In middle shale, Gristhorpe. 

PUraphyUum IfUssaniy L. & H. tab. 67. f. 2; Zigno, tab. 29. 1 3. 

A narrow lanceolate frond, with unequal subquadrate leaflets conjoined at the base and 
more or less rounded at the extremity ; venation paralleL 

In the middle shale, Gristhorpe. Not AspUnwpterU NUstoni, Ph. [PL VIII. fig. 4], which 
is probably a laciniated variety of Tcmiapteris mafor, L. ds H. 

262 
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PterophyUum minua, L. & H. tab. 67. £1 ; Leek. tab. 9. f. 2. 

A very long, narrow frond, with bordering foliation divided into unequal portions ; venation 
not seen. (De Zigno remarks that it is not Pt. minus of Brongn. ; and Leckenby thinks it is a 
laciniated variety of Tamiopteris vittata,) 



lign. 57, 




PterophyUwn rigidum. Ph. [lign. 57.] 

Several of these leaflets were obtained on the north side of Scarborough in the shales below 
Combrash : all are strongly Arrowed ; and on some cross sfnation is observed. 

lign. 58. 




Cyeadites zamioides, Leek. tab. 8. f. 1. [Lign. 58.] 

Frond broad, abrapUy contracted near the apex ; pinnae very slender, contracted at the base ; 
a midrib (rachis apparently thick). It may be a Conifer. 

In middle shale, Gristhorpe ; in lower shale, Whitby diffis. 



CONIPBRiE. 

Wood of the true coniferous type probably occurs in the Sandstones, 
as well as rarely in the Oolites and plentifully in the Lias, where 
Mr. Witham detected its structure in thin sections of jet and tree-stems. 
Seeds referred to the afiGLoity of Araucaria by Mr. Carruthers have been 
found in the sandstones and shales ; and leafy stems of small size occur 
in fhe same situations. 
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AraucariUs PhUHpsUf Garrathers, GeoL Mag. vol. vi. p. 1. [PL X. fig. 5. J 



BrachyphyUum mammillare, Br. V. F. tab. 1 ; L. <i:; H. tab. 188. 

From Haibom Wyko and Whitby diff, lower shale and sandstone. 

Frond mnch branched ; the branches irregularly dichotomous, covered with close, very short, 
thick, pointed leaves in quincunx. In the smaller branches the leaves are oval and form rows ; 
on the larger stems they arc rhomboidal. Lindley allies the plant to the Araucarian group of 
Conifers. Its general aspect is perhaps more cupressineous. 

Lign. 59. 




Thuyies expansus^ Sternberg, F. der V. tab. 38; Lindley, F. F. t. 167. [PI. X. ^g, 11 
Lign. 59.] 

From Gristhorpe, in middle shale and in lower shale. 

Irregularly branched, covered with short, ovato-acuminate, adpresscd leaves. 

It is possible that this plant, as given by lindley, may not be really distinct from Brachy- 
phyUum mammillare. The figure [PL X. fig. 11] in this work represents small terminal brancheH 
of a plant from Egton Moors and Saltwick, in lower shale. Each leaf, when magnified, shows 
a small circular mark within the margin near the apex, and a longitudinal stria. 



lign. 60. 




BrachyphyUum <e(oftcm, n. s., Ph. [lign. 60.] 
Stem branching at obtuse angles, marked by alternate elongate cicatrices ; 



leaves arrangt'd 
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round an axis, lanoeolate, pointed, smalls short, crowded. The drawing is by Prof. Williamson 
from a specimen in his Collection. 
Lower shale, Haibum Wyke. 

Pence EuUoniana, Witham, tab. 14. f. 9, 1. 15. f. 4 & 5. 
Prom the upper lias, Whitby. 



Peuee UndUyana, Witham, tab. 9. f. 1-5, 1. 15. f. 3. 
From the upper lias, Whitby. 

lign. 61. 




Walehia WUUafMonis. (LycopodUes uneifoltus, Phillips. LycopodUe$ WilUafMonis, Brongniart ; 
lindley, F. P.) [PI. Vm. fig. 3 ; lign. 61.] 

Frond firm, irregularly dichotomous, or spreading from a kind of axis, the branches set all 
rouud with upward-curved cariuated leaves. Lindley admits the presence of stipulee, and ranks 
the fossil with LycopodiacesB. Fructification terminal. 

From the middle shale of Gristhorpe, Oloughton Wyke, &c. 

lign. 62. 




magn. 



CrypUymerites divaticcUus, Bunbury, 0. J. tab. 13. f. 4. [lign. 62.] 

From the middle shale at Gristhorpe. Phillips's Collection. 

Frond feeble, expanded, much divided, divaricate ; leaves set nearly at right angles to the 
branches, sessile, longitudinally striated. The leaves of Cryptomeria japonica are more spinoae, 
and occupy the branches all round. 
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Cryptonurii€$ rigidus, n. s., Phillips. [Lign. 63.] 

Fnmd expanded, bipinnate ; stem-branches alternate ; leaves strap-shaped, obtuse, sessile ; 
venation longitudinal. 

From Gristhorpe, in middle shale, ^^lliamson's Collection. 




TaxiU* hxu$, Ph. [PL VII. f. 24 ; lign. 64.] 

The figure is believed to represent a branch of a Conifer allied to Taxm by the form and 
mode of insertion of the leaves, which are long, narrow, and marked by a midrib. 

From the middle shale, Gristhorpe. 

A plant of similar form, but with shorter leaves, is found in the Whitby cliffs above the 
I>ogger. 
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Palmje? 

Ugn. 65. 




CarpolWius BucJclandi, L. & H. tab. 189. f. 3, 5. [lign. 65 a.] 
Carpoliihus eonieus, L. & H. tab. 189. & 1, 2, 4. [lign. 65 6.] 

These fruits have three ridges on the base, with prolongations toward the apex, very dbtinct 
in b, slightly marked in cr, not observed at all in another example of this last form. The surface 
of 6 is irr^olarly marked, something like the nut of Coeos ; that of a is irregularly tubercled. 
Lindlcy refers them to PalmsB. 

From the coralline oolite of Malton. 

(b) Oxford Mosenm. (a) Leckenby Mnseum; this figure is from lindley and Hutton, 
tab. 189. 



Incbrt^ sedis. 

Lign. 66. 




Lign. 67. 




Fructification. — -In Lignograph 66 is represented what may perhaps be of the 
nature of the fructification referred to under the title of Sphareda paradoxa ; but it 
is not connected to strongly fluted stems as that is. It is probably identical with 
the spherical body with longitudinal plications figured in Lignograph 67 (size twice 
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the original) . This specimen shows principally a cast of the interior ; in the upper part 
the carbonaceous substance remains. It is in my Collection. The larger specimen 
(Lign. 66) shows an impression of the outer surfiEU^ at by a small part of which is 
enlarged at c ; the carbonaceous substance remains on the three approximate points 
a, which appear connected to a broad finely striated leafy expansion. It is in Prof. 
Williamson's Collection. 

lign. 68. 




r, Bhuome, or stem and branches. B. Separate view of the striations on r Ao. I, F, hdtl expansions ? at tbo 
ends of smaU branches. /. Supposed froctiflcation, or drcinate yemataon« F. Separate yiew of the 
oormgafcions on /. The stem- or root-channelling is of the same character as that on Cienis faleata. 

Sphareda paradoxa, L. & H. tab. 159. [Ph. PL VHI. fig. 2 ; lign. 68.] 

From middle shale, Gristhorpe. Bare, in my Collection. 

This somewhat perplexing plant may possibly be the rhizome of a fern with young 
fronds in the oircinate condition; a capsule-bearing analc^e of T$oeU$, was the conjecture 
of Dr. Murray. 
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FORAMINIPERA. 

FoRAMiNiFBRA abound in the Oolites of Yorkshire, which in thin sections 
exhibit beautifully a few turbinated and discoid forms. They occur also 
in the marine claySj from the Lias upwardSj and in the Chalk, but have 
not> it is believedj been systematically collected for study, Cristellaria 
roiulata is given by Morris from the Bed Chalk and Speeton Clay of 
Yorkshire, Glohigerina cretacea from the Red Chalk. 

The following additional genera may be looked for in the Lias and 
Oolites : — BuUmina, Flabellina^ Frondicu^laHa^ lAtuola^ Marginulina^ 
Nodosana^ Polymoi^phina^ JiotaUnat Spirolina, Vulvulitia, Webbina*. 



Sponoida. 
The following species occur in the upper part of the Chalk : — 

Cephalim Bmi^Ui^, Mant. [PL I. fig, 4,] Danes' Dik*. 

Chejiendopom i;^mt*oluta, PhU [PL I* fig. 6*j 

CofcmoporcE porosa^ Phil. ........_ [PL I. fig. 8.] 

Commp<yra knfis^ Phil. . , » . , [PL I* fig. 8a.] 

Cam'Mpora pile&luSf Lamk. , . [PL I. fig; 11. J 

€<mcinopora <jhhv>larisi Phil, [PL I. fig* 12.] 

HippaUmut radicifonnig, PhiL [PL I* fig. 9*] 

Manon mar^natum, PhiL {M.Meitmi^ [PL I, fig- 5. J 
M'Coy, Ann. Nat, HieL 1848*) 

Manon oBcuUfmtm, PhU. [PL I. fig. 3. J 

Majmn verruciferum^ PhiL ..,.,..* 

^%p&u» cribrosa, PhiL [PL I. fig. 7.] 

Siphonia tertbrata, Phil [PL I* fig, IQJ 

^pon0;a phna, PhiL [PL I* fig. 1.] 

Spoii^itt mpima, PliiJ. , [PL I* fig* 2.] 

Hpangla ramom^ MtinL t. 15< f. 11 . . .......... 

Spaiupa aUimmdu^ Smith „ Brantinghiim. 



♦ Bet the 

Williams^'i 



•>raaif« oa thia group of animals by Prof. E* Joaes^ Mr- Brady, and Prof. 
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Additional forms were collected at Danes' Dike by Mr, Lee, and de- 
scribed and figured by him in the Mag. of Nat, Hist. 1839, under the 
following names : — Siphonia clava, Spongia ampulla^ S. catablastes, S. 
fastigiata, S. sepitefarmiSj S. spinosa, TMotea caiicellata. 

Mr. Charlesworth regards many of the spongoidal forms as belonging 
to the same species ; Mr. Toulmin Smith has scrutinized the internal 
structure of the Ventriculite forms, which are not frequent in the York- 
shire Chalk (Ann. Nat. Hist. 1848). 

The Oolitic species are comparatively few : — 

Mawm foliaeeum, M'Coy, iinn. Nat. Hist. 1848 Cor. Ool. Malton. 

Seyphia cylindrical M'Coy „ „ 

Spongia JloricepSj PhiL [PI. III. fig. 8.] „ Hacknees. 

ACTINOZOA. 

Corals of diflFerent genera occur in the Oolites, especially the Coralline 
Oolite : one only is yet known to me in the Chalk, one in the Speeton 
Clay, none in the Lias. The Oolitic Corals are frequently but not 
exclusively found in the upper part or at the very top of the deposit — 
though, as Mr. Leckenby has observed, not rising as an excrescence 
above the general sur£ace, but rather filling far-separated hollows in it. 
The vicinity of Scarborough (Ayton, Hackness) and of Malton give the 
most satisfactory examples of limited ** Coral reef," composed of laaatraa^ 
ThanmastrtBtBj Echinodermata, and shells of Mollusca at the top of the 
rock ; while beds, more or less irregular, of Montlivaltia and Thecosmilia 
occur interstratified with foraminiferous Oolite and thin irregular partings 
of day or oolitic marl. (Abbreviated references : — Edw. for Milne-Ed- 
wards, Brit. Fossil Corals, in Falseont. Soc. Memoirs ; Dune, for Duncan, 
Supplement to Brit. Foss. Corals, in the same work ; Gold, for Goldfuss, 
Fetrefactenkunde.) 

Cretaceous and Neocomian Species. 

ParamUia centralis, MantelL . . [PL I. fig. 13.] Upper Chalk, Danes' Dike. 

TroAacyaikuM eonulus, PhiL [PL II. fig. 1.] Neooomian Clay, Speeton. 
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Coralline'Oolite Species. 

Stylina tubulifera, Phil [Ph. HI. fig. 6.] Coralline Oolite, Malton. 

MoniUvaUia dispar, Phil [PI. III. fig. 4.] „ „ 

ThecosmUia cylindiicay Phil [PI. lU.'fig. 5.] Inferior Oolite, Malton, Seamer. 

EhahdophyUia PhiUipsii^ £dw Coralline Oolite, Hackness. 

pL 15. f. 3. 
Isastrcea explanata, Goldf. (As- [PI. HI. fig. 7.] Coralline Oolite, Old Malton. 

trcea favosioides, Phil.) 
iruxqualiSf Phil „ „ 

Calices unequal, of varied shape, often oval, with very thick walls. 

Thamnastrcea arachnotdes. Park Coralline Oolite, Malton. 

conetnna, Goldf.; Edw. t.l8 „ „ Ayton, Hack- 

f. 3. (AstrcBu micraatnm, ness. 

Phil.) 
Gonioseris irradians, Edw. t. 19 Coralline Oolite, Malton. 

f. 1. (Meandrina, Phil.). 

Lower-Oolite Species. 

Ghnioseris angulata^ Dune. t. 7 Millepore Oolite, CloughtonWyke, Whit- 

f. 1-6. well. 

LeeJcenbyi, Dune. t. 7. f. 6-9 Millepore Oolite, Cloughton Wyke. 

Mondivaltia convexa, Phil [PI. XI. fig. 1.] Inferior Oolite, Blue Wick. 

ECHINODEEMATA. 

Crinoidda. 
Cretaceous and Neocomian Species. 

Bourgueticrinus ellipticus, Mill Cliff at Danes' Dike. Bare. 

MtxrsupUes omatus, Mill [PI. I. fig. 14.] „ „ Frequent 

P&ntacrinus FUtani, Aust. Bed Chalk, Speeton. 

anmdatWy Bom Upper and Middle Clay, Speeton. 

Oolitic Species. 

MiUericrinua echinatus, Ooldf. . . [PI. m. figs. 9, 10.] Coralline Oolite and Calc. Grit, Malton* 

Scarhorough. 

Liassic Species. 

Extracrinus BriarmSf Min.sp.. . Upper lias, Saltwick, near Whitby. 

subangularis, Mill. sp. p. 60 Lower lias with QryphiUSy Bedcar. 
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PentaerinvM ? gracQiSy Charles- Upper lias, Whitby. 

worth, Lond. GeoL Jonm. 
t. 9. 

diehotamuSy'ii^Coj, Ajm.JS&t ,, „ 

Hist. 1848. 
Undetermined species of Extraerimu occur in the Speeton Clay, Coralline Oolite, Combrash, 
Grray Oolite, and Millepore Oolite. 

Asteroidea. 
None have occurred to my observation in the Cretaceous or Neocomian 
strata of Yorkshire, several in the Oolites, and a larger and more varied 
series in the Middle lias (Marlstone) at Staithes, and on the coast north 
of Robin Hood's Bay. 

Oolitic Species. 

Astroptcten rectt«,M*Coy ; Wright, Calc. Grit, Filey ; Eelloway rock. New- 
pi. 12. tondale. 

ckmformisy Wright, pi. 11 Kelloway rock, Newtondale. 

{A, arenicolus, Forbes.) 

Orum,Forbes; Wright, pl.lO „ „ 

ScarhurgeMiSy Wright, pi. 7 Grey limestone, White Nab, near Scar- 

f. 2. borongh. 

Leekenbyi, Wright, pi. 7. f. 1 Grey Limestone, near White Nab. 

Ophiol^pis Murravii, Forbes, sp. ; Grey Limestone, White Nab (Mr. Lec- 

Wright, pis. 14, 17, 19. kenby). 

Liaseic Species. 

Attropeeten ffastingia, Forbes, Middle Lias, Staithes. 

GeoL Surv. dec. 1 & 2. f. 1. 
Atpidura lorieaia, Agassiz, Mag. „ „ 

Nat. Hist. 1836. 
Ophtolepis Mvrravii, Forbes, sp. ; „ „ (Dr. Mnrray ). 

Wright, pis. 14, 17, 19. 

OphiodermaMiUeri.Thii [PL XHI. fig. 20.] 

earinaia, Wright, pi. 16. f. 1 „ „ 

Uratter earinatns, Wright, pi. 2 Middle Lias, Boulby. In the Leckenby 

f. 1. Collection. 

Litidia Murchisonty Williamson ; Middle Lias, Peak. 

Wright, pi. 6. f. 2. 
PUmatUr qpkiuroidei, Wright, Middle Lias, Staithes. In the Leckenby 

pL 5. f. 1. Collection. 
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Echinoidea. 
Though very probably Echinidal remains exist in the Lias of York- 
shire, I have no distinct record of them. 



Cretaceous Species. 
Endocyclica. 

Cidaris GatUtina, Forbes Ked Chalk, Speeton. 

Cyphoscma K&nigiy Mant [PL I. fig. 14, 1 plate.] Upper Chalk, Danes' Dike. 

PeltastessUUtdatus^Ag. ; Wright, Bed Chalk, Speeton (Mr. Wiltshire). 

pi. 41. f. 1. 

EXOCTCLICA. 



Diseaidea cylindricay Lam 

Echinoeonus aXbogaleruSy Klein ; 

Forbes,dec.3.t.8; Wright, 
pis. 49 & 50. 

tuhrotwnduBy ICant. t. 17 

f. 18-19; Wright, pi. 62. 

Ananchytes ovo^us, Leske; Forbes, 

dec. 4-6. 

A«7ni8pAosrict»,Cay.&Brongn« 

t. 6. f. 7, 8. 

intumescen^f Ph 

Mieraster cor anguinum^ Leske ; 

Forbes,dec.3-ll; Wright, 
pi. 62. 

ffolaster planuSf Mant [PL I. fig. 16.] 

hemisphcerieus, Phil [PL I. fig. 16.] 

subglohom8, Leske 



Bed Chalk, Speeton. 
Upper Chalk, Hessle. 



Upper Chalk, Danes* Dike. 



Bed Chalk (upper beds). 



Neocomiom Species. 

Cidaris (species), Phil [PL 11. figs. 2, 3.] Speeton. 

Toxaster argiOaeeus, Phil [PL 11. fig. 4.] „ 

P^eudodiadema, sp ^ Upper Clay, Speeton. 



Oolitic Species. 
Endocyclica. 

OidartsJUmgemma, Phil [PL HI. figs. 12, 13.] Coralline Oolite, Ayton, Malton. 

Sndihii, Wright, pis. 2&5 Coralline Oolite, Scarborough, Ayton. 
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Rhabdoeidaris maxima, Miinst. ; [FL IX. fig. 5.] Grey Oolite, Gristhorpe, doughton. 

Wright, pL 22. 
Hemicidaris intermediaj Flem.; [Pljn.fig.l4, spine.] Coralline Oolite, Malton, Hildenley. 

Wright, pL 4. f.l. 
Heteroeidarit Wtekentis, Wright [PI. IX. fig. 3.] Inferior Oolite, Blue Wick. 

Pieudodiadema hemiiphaericwmy Coralline Oolite, Malton. 

Ag. ; Wright, pL 8. f. 1. 

(P. momlipora. Ph. 1829.) 

vagan^ Phil [PL VIL fig. 1.] Comhrash, Grey Oolite, andlnfer. Oolite. 

ffemipedina eoraUina, Wright, Coralline Oolite, Malton. 

pL 12. f. 1. 
SicmeMmu germinans, PhiL . . {PI. UI. fig. 15.] Millepore Oolite, Inferior, Whitwell. 
CflyptiekushieroglyphicuSfWnglity Coralline Oolite, Malton. 

pi. 13. f. 3. 

EXOCTCLICA. 

HoUctypus depresguSy Lam [PL VII. fig. 4.] Combrash, Scarborough. 

Mangw, Wright, pi. 18. f. 3 Coralline Oolite, Malton ; Calc. Grit, 

Rley. 

Pygurus peniagonalis, PhiL [PL lY. fig. 24.] Coralline Oolite, Malton, Hildenley ; 

Calc Grit, Scarborough. 

irau9tiuziint,Eoch&Dunker; Coralline Oolite, Settrington. 

Wright, plfl. 39, 40. 

/%t7ii>m, Wright, pi. 39. f. 1 Coralline OoHte, Malton. 

PygasUr umbrella, Ag [PL III. fig. 17.] Coralline Oolite, Malton. 

semistdcatus, PhiL Millepore Oolite, Whitwell. 

CoUyrites bieordata, Le&ke, (C. [PL IV. fig. 23. J Coralline Oolite, Oswaldkirk, Malton; 
ovalis, Phil. 1829.) Calc. Grit, Castle Howard ; Eelloway 

rock, Hackness. 
Clypeus8ubulatus,Y.&B.;'Wng]it [PI. III. fig. 18.] „ „ Ayton, Scar- 

{Vlyp. emarginatus, Phil. borough. 

1829.) 

ific^Zin«,Wright,pl.30.f. 2 Millepore Oolite, Whitwell. 

Echinohrisna dunieidariSjUiwyd. [PL VII. fig. 2.] Combrash, Scarborough. 

dimidiatus, PhiL (probably [PL III. fig. 16.] Coralline Oolite and Calc. Grit, Malton. 
teutatus, Lam. ; Wright, Filey, Scarborough. 

pL 36. f. 2). 

orbicularis, Phil [PL VIL fig. 3.] Combrash, Scarborou^. 
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Annellida. 

These belong wholly to the cephalobranchiate division ; those which 
were protected by a shelly covering occur in all the marine strata of the 
Yorkshire coast, from the lias to the Chalk. Vermiform tracks and 
appearances due to naked Annellida are indistinctly observable. 

Cretaceous Species. 

Serpula aoUtaria, Phil [PI. I. ^. 19.] Red Chalk, Speeton. 

Vermietdaria umbanaUty Sow „ „ 

t.67.f.7. 

Neocomian Species. 

Serpula artieulata, Sow. t, 699 Upper flay, Speeton. 

antiquata, Sow. t. 698 Upper and Middle Clay, Speeton. 

JiUfonnis, Sow. G. J. 2nd „ „ „ 

ser. 4, 1. 16. f. 2. 

yastrochcBnoides, Leym Middle Clay, Speeton. 

Vermicularia Sowerhii, Phil. ( V. [PI. IT. fig. 29.] Upper Clay, Speeton. 
PhiUipm, Kom.) 

Oolitic Species. 

Vermicularia nodus, Phil [PI. IX. fig. 34.] M. 0. Westow, WhitweU. C. B. Scar- 

borough. 

Serpuia elava^ Bean, MS C. B. Scarborough. 

deplexa, Bean, MS [PL IX. fig. 16.] 1. 0. Blue Wick. 

intesUnalis, Phil [PL V. fig. 21.] 0. C, C. B., & G. 0. Scarborough. 

laeerata, PhiL [PL IV. fig. 36.] C.B. & G.O. Scarborough. 

Utragona, Sow. t. 599 0. C, C. B., & G. 0. Scarborough. 1.0. 

Blue Wick. 

plicatilisy Goldfl ; L. & M G. 0. White Nab. 

1. 14. f. 6. 

9ulcata, Sow. t. 608 „ „ 

squamom, Phil [PL IV. fig. 15.] G. 0. Scarborough. 

Cbustacea. 

CiRRIPEDIA. 

PoUidpes unguis, Sow Bed Chalk, Speeton. 

concinnus, Morris [PL V. fig. 18.] 0. C. Scarborough. 
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OSTKACODA. 

Cretaceous Species. 

CythereUa ovata, Rom Red Chalk, Speeton. 

Degapoda Macruba. 
Neocomian Species. 

AsUMCode$f<deiferyhell,^\.^.t,\-b In phosphatic nodules, Middle Clay, 

( Paiinunu uncinattiSy Phil. Speeton. 

MS. 1830.) 

mu2<u»va/i»,Bell,pl.9.f.7-8 „ „ „ 

{Palinunis multicavatus, 
Phil. MS. 1830.) 
Meyeria omata, PhiL 1829 .... [PI. IQ. fig. 2.] 

mucronaia, PhiL ed. ii. 1835 „ „ „ 

A larger species than M, ornata, with angular and sharply serrated lateral ahdominal plates. 

Undetermined Claw [PL IH. fig. 3.] In Middle Clay, Speeton. 

Referred to Meyeria mucronata (Phil. ed. ii. 1835) and afterwards to Agtacodes falcifer (Bell, 
1842), but with doubt in both cases. 

From my examination in 1830, of all the known examples of the species first named in this 
list of Neocomian Decapods, I inferred that it had the large antennsa, small hands, and fim- 
briated tail of a Palinuroid, and so named it (ed. iL 1835). 

Oolitic Species. 

Eryma Birdii, Bean, MS C. B. Scarborough. 1. 0. Peak. 

Olyphaa Uptomana, Phil. MS 0. C. Scarborough, foot of Castle Hill. 

rostrata, Phil [PL IV. fig. 20.] C. 0. Malton, Scarborough, &c. 

scabrosay Phil C.O.,C.G.,O.C.,&K.R. Malton,8car- 

borough, &c. 

Stricklandi, Bean, MS K. R. Cayton Bay, in calcareous nodules, 

lying in day above the Combrash. 
Canc^r?, a claw [PL V. fig. 20.] C. B. Scarborough. 

POLYZOA. 

The very small series now given will undoubtedly be much increased 
by further search in the Upper Chalk and the Lower Oolites. 



Ceriopora 9pongite$yQoldi,tlOSA. 
ProboMcina diUUata, D'Orb. 1 632 



Cretaceous Species. 

Red Chalk, Speeton. 

Red Chalk, Speeton. 



2i 



242 ORGANIC REMAINS— ANIMALS. [Chap, XVI. 

Oolitic Species. 

Hipjyoihoa Smithii, Phil [PL VII. fig. 8.] C. B. Scarborough, on Cardium citri- 

noideum, 
Spiropora (Crieapora) straminea, [PL IX. fig. 1.] M. 0. Ewe Nab, Cloughton Wyke, Cave, 

Phil. Crambe Beck. 

TereheUaria ramosissimaj Lamx CO. Malton (M'Coy). 

t. 82. f. 1, 2. 

Bbachiopoda. 
Cretaceous Species. 

Terebratula biplicata^ Sow. t. 90 Bed Chalk, Goodmanham. 

camea, Sow. 1. 15 Chalk, Danes' Dike. 

semiglohosa et 9ubun(Iata, „ „ Bed Chalk, Speeton. 

Sow. 1. 15. 

TerebrcUulina rigvda^ Sow.; Dav Bed Chalk, Speeton. 

pi. 2. fig. 16, 17 (only). 
striata, Wahl. (T.pentago- [PL I. fig. 17.] Chalk, Danes' Dike. 

nalis, Phil.) 

Ma JOS ptmila. Sow. ; Dav. t. 1 Bed Chalk, Speeton (Phillips). 

f. 1-12. 

Kingena limay Dav Lower Chalk, Speeton. 

RhynchoneUa Mantelliana Bed Chalk, Speeton. 

Note. — The absence of many species usual in the Upper Grecnsand and the Upper Chalk is 
remarkable. 

Neocomian Species. 

Terebratula depressa. Lam. ; Dav Neocomian, Speeton. 

t. 9. f. 1-5. 

hlppopus. Bom „ „ (Judd). 

sella, Sow Upper and Middle Clay, Speeton (Judd). 

obtusa, Sow. ? [PL II. fig. 25.] Neocomian, Speeton (rare). 

TerehratvJ{naMartin{ana,D'OTb. ; [PL II. fig. 28.] Upper Clay, Speeton, Knapton. 
Dav. pi. 2. fig. 26. 

Waldheimia celtica, Morris; Dav Middle Clay, Speeton (Judd). 

pi. 9. f. 32-35. 

faha, D'Orb „ „ Knapton. 

HhynehoneUa lineolata, Phil. . . [PL 11. ^f;, 27.] Upper Clay, Knapton, Speeton. 

sulcata, Park ; Dav. pi. 10 Neocomian, Speeton. 

£. 21, 22. 

Lingula truncata, Sow Upper Clay, Speeton (Judd). 
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Oolitic Species. 

Terebratiila BentUytj Dayidson C. B. Scarborough. 

bueadmta. Sow. t 435 CO. Malton. 

digona, Sow. t. 96 C. B. Scarborough. 

globata. Sow. t 436 G. 0. Westow, Whitwell. 

in«^,Schub.; Dav.3,t.l3.f.l CO. Malton. C G. Castle Howard. 

intermedia. Sow. 1. 15 CB. Scarboro'. G.O. Westow, Whitwell, 

Cloughton,8waiiiby. I.O. BlueWick. 

lagenalisy Schl C B. Scarborough. 

obovata, Sow. 1. 101 „ „ 

arnithoeephala, Sow. t. 101 [PL VI. fig. 7.] K. R. Hackness. C B. Scarborough. 

trilineata, Y. & B. t. 8. f. 14 CB. Scarborough, Gristhorpe, Newtun- 

dale. 1. 0. Glaizedale, Cold Moor. 
Note the absence of T, maxiUata, T, eoarctata, T. cardiumy the rarity of T. digona (triangular 
variety), all characteristic of the upper part of the Great Oolite and Forest-Marble group of 
Gloucestershire. T. coarctata* is supposed to cease about Cirencester, T. cardium near Oxford. 
T. digona, of small size, abounds near Northampton, T. maxillata being there less plentiful. 

BhynehoneUa eoneinna, Sow. t. 83 C B. Scarborough. 

eynoeephaUiy Bich. ; Dav 1. 0. Yorkshire (Davidson). 

t. 14. f. 10, 12. 

ineanstane, Sow. t. 277 [PL IT. fig. 24.] K. C Speeton, Knapton. 

obeoleta, Sow. i 83 1. 0. Glaizedale. 

wocialis, PhU. (part of Rh. [PL VI. fig. 8.] C G. & K. R. Scarborough, Hacknesi*. 
varians, Schl.). C B. Scarborough. 

tpinosa, Smith [PL IX. fig. 18.] M. 0. Near Cave. 1. 0. Blue Wick. 

Lingtda Beanii, Phil [PL XI. fig. 24.] 1. 0. Blue Wick, Castle Howard. 

ovcdis. Sow. t 19. f. 4 K. C. Speeton, on the Scar. 

Dieeina radiata, Phil [PL IV. fig. 12.] C 0. Malton. 

latmima. Sow. t. 139 0. C Scarborough. K. C Speeton. 

sp C B, Scarborough. 

Liassic Species. 

TerebratuJa punctata, Sow. t. 15 M. L. Xcttleness. 

reeupinata. Sow. 1. 150 M. L. Wilton Castle. 

Ehynchanella aetOa, Sow [PL XIII. fig. 26.] „ „ 

tetraedra, Sow. t. 83 U. L., M. L. Kettleness, &c. 

variabilis, ( bidens, Phil. . . [PL XIII. fig. 24.] M. L. Staithes, Wilton Castle. 

SchL I tridentata, Phil. [PL XIII. fig. 22.'] M. L. Wilton CasUe, Staithes, &c. 

* This species has, however, recently been found by Mr. Bentley in the Combrash near 
Peterborough. — R. E. 
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Spirifera WaleotHi^ Sow. t. 377 L. L. Eare, Peak. 

Diseina reflexaj Sow. t. 506 U. L. Peak, Whitby. 

MONOMYABIA. 

OsTREIDiE. 

Creftaceom Species. 

Otirea eanalieulata, D'Orb Ked Chalk. 

Baidiniana, D'Orb ,, 

vesiculosa^ Sow. t. 369 „ upper part. 

Neocomian Species. 

Ostreafrons, Park. Org. Bern. 3 « . . . . Upper and Middle ClayB, Speeton. 

1. 16. f. 4. 

Lei^merii^ Desh. Mem. G. S Upper Clay, Speeton. 

Ft. 6. 1 13. f. 4. 

Exogyra parwdaj Leym ,, ,, 

nnuoto, Sow [PL 11. fig. 23.] Middle Clay, Speeton. 

subsiwuatay Leym „ „ 

Placunapsis Upper Clay, Speeton. 

Flieatula plaeunea, Lam. ; D'Orb „ „ 

t 462. f. 11-18. 

Oolitic Species. 

Oshta arehetypa, Phil [PI. YI. fig. 9.] E. B. Scarborough, Wheatorofts. 

deUoidea, Sow. 1 148 K.C. Helmsley, Kirkby Moorside, Wei- 

ton, Ellougton. 

duriuseula, Phil [PI. IV. fig. 1.] C. 0. Malton, Scarborough. 

gregaria, Sow. t 111 CO. Malton. C. G. Scarborough. 

Marsha, Sow. t. 48 K. R. Wheatcroft. C. B. Scarborough, 

Gristhorpe, Newtondale. 

Meadii, Sow. t. 252 C. B. Scarborough. 

soUtariay Sow. t. 468 CO. Malton. C B. Scarborough. I. O. 

Blue Wick. 

suleifera, Phil [PI. IX. fig. 35.] M.O. Westow (the young of 0,soUtaria). 

ftncfoM, Bean [PI. VI. fig. 4.] K. R. Scarborough. 

OnffohcBaehamorformiSjSmiihf f.5 C 0. & C G. Hackness. 

<iaitoto,Sow.t.l49(-i6id- [PLVLfig.l. PI. IV. CO. Malton. K.R. Hackness. CB. 
lata). fig. 36.] Scarborough. 

giganUa, Sow. t. 391 G. 0. White Nab. 

fittma, Phil [PL IV. fig. 6.] CO. Malton. C B. Scarborough. 

nana, Sow. t. 383 ^ . . . E. C Speeton Scar. 



Chap. XVI.] MONOMYARIA. 245 

FlacuncpM incequaliSy PhiL [PL V. fig. 13.] C. B. & 0. C. Scarborough. 

Y semistnata, BoaiiyMag.N.H C. B. Soarboroogh. 

1839, fig. 21. 

Liassic Species. 

Qryphaa deprasa, Phil [PL XIV. fig. 7.] L. L. Bilsdale. 

incwrva^ Sow. t. 112 L. L. Redcar^ Peak. 

MaeCuUochii, Sow. t. 547 L. L. Robin Hood's Bay. 

Plieatula spinosa, Sow [PL XIV. fig. 15.] L. L. Robin Hood's Bay, Huntcliff. 

PECTINIDiE. 

Cretaceous Species. 

Dianchora striata. Sow Chalk, Danes' Dike. 

PeUen Beaveri, Sow. t. 158 Red Chalk, Speeton. 

Spondylus ffibbosus, D'Orb „ „ 

Neocomian Species. 

Peeten einctus^ Sow. (small var.) Upper Clay, Speeton. 

cineius ?, Sow. (large variety) Middle and Lower Clay, Speeton. 

elongatus. Lam Upper Clay, Speeton. 

interstriatus, Leym „ „ 

or&tcuZam, Sow „ „ 

striaio-punetatus, Rom „ „ 

Lima undata, Desh. „ „ 

tUganSj Nilss >, ,» 

Oolitic Species. 

PeeUnam»opleu,ru$,^UY.\ L.&M C. B. Scarborough. 

t. 33. f. 5 

arcwUus, Sow. t M. 0. Cloughton. 

artiealatuM, Schl.; L. & M C.B., CO., & CO. Scarborough. 

t.33.f.l2. 

cingulatM, Goldf. [PL V. fig. 11.] C. B. Scarborough. 

demima, Phil [PL VI. fig. 5.] C. 0. Malton. K. R. Scarborough. 

M. 0. Cloughton. 

Jibrosui, Sow [PL VI. fig. 3.] CO. Malton. K. R. Hackneii.^. 

inaquioottatus, Phil [PL IV. fig. 10.] C 0. Malton. K.R. Hackness. C. B. 

Scarborough. 

lensy Sow. CO. Malton. C.B. Scarboroiijjrh. G.O. 

White Nab. L 0. Blue Wick. 

jtt5/J6roftt», D'Orb CO. Malton. CG. Filey. C.B.Scar- 
borough. 



246 ORGANIC REMAINS— ANIMALS. [Chap. XVI. 

Pifctm vagans, Sow. t 643 CO. Malton. 

vimineuSy Sow. t. 643 „ „ «• 

virgvlifems, Phil [PI. XI. fig. 20.] 1. 0. Blue Wick. 

Hinnites dtjectus, Phil [PL IX. fig. 37.] M. 0. Whitwell, Wostow. 

gradus, Lye. t. 33. f. 10 C. B. Scarborough. 

Lima argUlacea, Lye [PL V. fig. 10.] 0. C. Scarborough. 

cardiiformis. Sow. t. 113 G. 0. White Nab. I. 0. Blue Wick. 

(iup^ioito, Sow. t. 569 .... [PL VI. fig. 2.] K. R. Hackness. C.B. Scarborough. 

M.O. Cloughton. 

eUiptiea, Whiteayes CO. 

gihbosay Sow „ 

Helvetica, Oppel. ; L. & M C B. Scarborough. 

t.33. f.8. 

int^stineta, Phil [PL VH. fig. 14.] M. 0. Whitwell. C B. Scarborough. 

lofviuscuUi, Sow. t. 382 CO. Malton. 

pectiniformis, Schl. (L.pro- C 0. & C B. Scarborough. 1. 0. Blue 

bosddea. Sow. t. 264.) Wick. 

punctata,&ow.; L.&M.t.l5 G.O. White Nab. 

f. 9. 

n^uto, Sow. 1. 144 CO. Malton. 

rigidula, PhiL [PL VH. fig. 13.] C.B. Scarborough. 

rudU, Sow. t. 214 CO. Malton. 

Liassic Species. 

Lima gigantea. Sow. t. 77 L. L. Redcar. 

ffermanni, Voltz „ „ 

^ectinoii«r, Sow. 1. 114 .. [PL XH, fig. 13.] „ „ 

Pecten a^ivalvis, Sow. 1. 136 M. L. Staithes, Orosmont, Egton, &c. 

major, T. & B M. L. 

mulHcostatus, Simpson L. L. 

planus, Simpson M. L. 

punctatus, Simpson ? 

reticularis, Simpson M. L. 

suhUsvis, T. & B [PL XIV. fig. 5.] M. L. Kettleness, Egton, Grosmont, 

Bilsdale. 

AviCULIDiE. 

Cretaceoue Species. 

Avieula, sp Red Chalk, Speeton. 

InoceramusBr<mgniarti,^w.tMl Chalk, Danes' Dike. 

Coquandinus, D'Orb. t. 403 Red Chalk, Speeton. 
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Inoceraimus cranium, Phil, (a largo Chalk, Danes' Dike. 

smooth vaulted speoiee). 

Cuvierif Sow. t. 441 „ „ 

?l<Bviu9Cidu8, Bean, MS „ „ 

mytiloideSy Sow. t. 442 „ „ 

Note, — The species here reported require revision, probably reduction. 

Neocomian Species. 

Avteula^ sp Upper Clay, Speeton. 

OerviUia aneeps^ Desh. ; D'Orb „ „ 

t. 394. 

/Vrfialfiittrtt,De8h.; D'Orb.t.400 

imbrkatuSj Bean, MS „ ., 

venushduBy Bean, MS „ „ 

Pinna gracilis, Phil [PL 11. fig. 22.] „ „ 
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Oolitic Spe 

Auicula Braamburiensis, Phil. . . [PL VI. fig. 6.] K. R. Hackness. C. B. Scarborough. 

G. 0. Cloughton, White Nab. 

echinata, Sow. t. 243 C. B. Scarborough. 

elegantissima. Bean [PL IV. ^. 2.] C. 0. Malton. 

«ya»wa, Phil [PL UI. fig. 35.] CO. Malton. O.C.Scarborough. K.R. 

South Cave. 

JIunsteri, Goldf. t. 118. f . 2 C. B. Scarborough. G. 0. White Nab. 

amata, Goldf. t. 121. f . 7 C.B. Scarborough. 

walis, Phil [PL III. fig. 36.] C. 0. Malton. C. G. Scarborough. 

tonsipluma J Y.&B.t. 7. f. 15 CO. Malton. 

Pteropema plana,L,&^,t,14.fA G. 0. Scarborough. 

OervUlia acuta. Sow. t. 510 G. 0. White Nab, Brandsby, Cloughton. 

avvcuJUndes, Sow. t. 66 CO. Malton. C G. Filey. C B. Scar- 
borough. 

lata, PhU [PL XI. fig. 16.] M. 0. Cloughton. I. 0. Blue Wick. 

toWuoaa, Phil. (Oastrochama, [PL XI. fig. 36.] C.B. Scarborough. I.O. Blue Wick. 
Phil. 1829.) 

Pcma ohliqm. Lye. t. 34. f. 22 C B. Scarborough. 

ru^o«a,Goldf.tl08. (P.qua^ [PL IX. figs. 21, 22.] G.O. White Nab. 
drata, PhU. 1829.) 

IHnna ampla, Sow. t. 7 1. 0. Blue Wick. 

eanccJlata,Bean; L.dbM. 1 13 G. 0. Scarborough. 

f.24. 
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rinna cuneata, Bean [PL IX. fig. 17.] C. B. Scarborough. G. 0. doughton. 

M.O. Cave. 

granulata. Sow. t. 347 K. C. Speeton Scar. 

lanceohta, Sow. t. 443 .... [PI. IV. fig. 33.] C. 0. & C. G. Malton, Reddiff. C. B. 

Scarborough. 

miH$, Phil [PL V. fig. 7.] 0. C. Scarborough. K. R. South Cave. 

Trichites C. B. Scarborough. 

Liassic Species. 

Avicula cygnipes, Phil [PL XIV. fig. 3.] M. L. Bilfldale, Staithes, Groamont. 

inofquivdlvis 

novemcostcB, Brown [PL XIV. fig. 4.] M. L. Staithes. 

Crenatula ventricosn^ Sow. t. 443 „ „ 

Inoeeramus dubius, Sow. t. 511 . . [PL XII. fig. 14.] U. L. Saltwick. 

Pinna folium, Y. & B [PL XIV. fig. 17.] L. L. Robin Hood's Bay. 

DiMYARIA. 
MVTILIDiE. 

Oolitic Species. 

MijiiJus cuneatus, Phil [PL XI. fig. 21.] M. 0. Cloughton. 1. 0. Glaizedale. 

siUflcevis, Sow. t. 439.fig.3 C. B. Scarborough. 

Modioli bipartita. Sow. t 210 . . [PL IV. fig. 30.] K. C. Speeton Scar. C. 0. Malton. 

C.B. Scarborough. 

euneata, Sow. t. 248 [PL V. fig. 28.] C. 0. Malton. K. R. South Cave. C. B. 

Scarborough. M.O. Cloughton. 

fureata, Goldf. (If. caperay [PL XI. fig. 9.] I. 0. Blue Wick. 
Phil. 1829.^ 

imbricata, Sow. t. 212 C. B. Scarborough. M. O. Cloughton. 

Leckenbyi, L. & M. 1. 14. f. 8 G. 0. Scarborough. 

Lycettiy WTiiteaves (Ann CO. Ayton. 

Nat. Hist. 1861). 

puWira, Phil [PL V. fig. 26.] K. R. Scarborough. 

Sowerbyana, D'Orb. {M.pU- 1. 0. Blue Wick, Glaizedale, Cold Moor. 

cata. Sow. t. 248.) 

uiu7uinf«, Phil.; Y.&B. t. 7 C. 0. Malton. G. 0. Cloughton. I.O. 

f. 10. Blue Wick. 

Uthodomm inclutuit, Phil [PL III. fig. 20.] C. 0. Malton. 

sp P. 0. Speeton (Judd). 

Idassic Species. 

Modiola scalprum, Sow. t. 248 . . [PL XIV. ^. 2.] M. L. Staithes. 
Hillana, Sow. t 212 L. L. 
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ARCADiE. 

Neocomian Species. 

Nucula wata, Mant. {N. ohtusa, [PI. II. fig. 10.] Upper Clay, Speeton. 

Judd.) 
ntbrecurvayVhiL {N, Kapha, [PL II. fig. 11.] Neocomian, Speeton. 

D'Orb.) 
CucuUaa seeuris, Leym [PI. II. fig. 16.] Upper Clay, Speeton (Judd). 

Oolitic Species. 

Area amida, Phil [PL IH. fig. 29.] C. 0. Malton. 

^adrisulcata. Sow. t. 473 „ „ 

CueuOoM eancdlatay Phil [PL IX. fig. 24.] C. B. Scarborough. 0. 0. Cloughton. 

I. 0. Blue Wick. 

cto^mto,Leck.; Lyc.t.39.f.4 C. B. Scarborough. 

candnna, PhiL [PL V. figs. 9, 31.] C. 0. & 0. C. Scarborough. K. R. 

Cave. C. B. Scarborough. 

eorUraeta, Phil [PL HI. fig. 30.] C. 0. Malton. 

coroKtna, Damon (C.ohlmga, [PL IH. fig. 34.] CO. Malton. C. B. Scarborough. 
PhiL 1829). 

eyUndrica, Phil [PL IX. fig. 20.] G. 0. White Nab. 

ehngata, Sow. t. 447 [PL m. fig. 33.] C. 0. Malton. M. 0. Cave. 

imperialis, Bean [PL IX. fig. 19.] G. 0. Cloughton Wyke. 

minima. Leek. G. J. 1858, K. R. Scarborough. 

pi. 3. f. 6. 

peetinata, PhU [PL III. fig. 32.] C. 0. & C. G. Malton. 

reticulata, Bean [PL XI. fig. 18.] 1. 0. Blue Wick. 

Macrodon Hirsonensis, Lye [PL XI. fig. 43.] 1. 0. Blue Wick (young). 

IsoarcaScarburgensis, Lyc.t 39.f.5 C. B. Scarborough. 

Nueula Mptica, PhiL [PL V. fig. 6.] 0. C. 

nucUus, Desh C. B. „ 

nt£(ia,Y.&B [PL V. fig. 5.] O.C. 

variabilis. Sow. t. 475 [PL IX. fig. 11.] G. 0. Cloughton. 1. 0. Blue Wick. 

Leda angliea, D'Orb. (lachryma, [PL XI. fig. 14.] C. B. Scarborough. G. 0. aoughton. 

PhiL 1829). 1. 0. Blue Wick. 

sp K. C. Speeton Scar. 

Liassic Species. 

Leda complanata, Phil [PL XII. fig. 8.] Upper lias, Whitby. 

dura, Simpson Middle lias. 

ovum. Sow. t. 476 [PL XII. fig. 4.] Upper part of Upper lias, Whitby. 

rostralis, Lam, (L, davifor- Upper lias, Whitby. 

nus. Sow. t. 476.) 

2k 
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TaiGONIDiE. 

No Neocomian species of Trigonia has been seen by myself or any of 

my friends who have collected at Speeton, except the following, which is 

recorded by Mr. Judd : — 

Cretaceous Species. 

Group of ScABRiB. 

Trigonia spinosa ?, Park. ; Sow. In the clay diflfe at Speeton. 

t. 86. 

Oolitic Species*. 

Group of ScAPHOIDEiE. 

Trigonia recUcosta, Lye. t. l.f.4, 5 M. 0. Cloughton. 1. 0. Olaizedale. 

Group of CLAYELLATiE. 

Trigonia cUweUata, Sow. t. 87 CO. & C.G. Malton, Filey. 

eomplanata, Lyo. t. 7. f . 5 E. B. Scarborough. 

coraUina, D'Orb.; Lye. t. 3 CO. Pickering. 

f.7,ll.t8.f.3. 

perlata, Ag.; Lyo. t.3. f.1-3 C G. Pickering. 

Bvpdlffnsis, D'Orb. ; Lye K.B. Red Cliff. 

t.8.£.4. 

Scarln4rgensi8fLyo.tA.tl~4 C B. Scarborough, Cayton Bay. 

»7nato, Ag.;^Lyo. t. 2. f. 1-3 G. 0. Cloughton. 

8pinulo8a,Y. & B. (T.striata, [PI. XI. fig. 38.] 1. 0. Blue Wick. 

Phil.l829);Lyc.t.3.f.4-6. 

triquetrafieeh.; Lyc.t.6.f.l-2 C G. Filey. 

WiUiamsoni, Lyc.t.l6.f.8 K.R. Red Qiff. 

Group of COSTATA. 

Trigonia Cassiope, D'Orb C B. Scarborough. 

dmtiadata, Ag K.R. Red Cliff. G.O. Cloughton. LO. 

Blue Wick. 

dongata, Sow. (var. angu8- C B. Red Cliff. 

lata. Lye). 

Merianiy Ag CO. Malton, Pickering. 

UnnMosta^ Lye G. 0. Cloughton. 

Group of Undulatjb. 

Trigonia eonjungenSj Phil. ; Lye M. 0. Cloughton. 

1 10. f. 6, 7, 8. 

• This list is drawn up in accordance with the Monograph of Dr. Lycett, Pal. Soc. Mem. 
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Trig<mia geographica, Ag, ; Lye CO. Malton. 

1. 10. f. 6. 
paucieosta. Lye. 1. 11. f. 8-9 K. R. Red Cliff. 

1. 16. f. 7. 
Sharpiana, Lye. 1. 16. f. 11 1. 0. Blue Wick. 

1. 16. f. 4-6. 
V. oMtato, Lye. 1. 15. f. 1-4 „ „ 

Liassic Species. 

Group of UNDULATiB. 

Trigonia Leckenbyi, Lye. t. 16 Midford Sands, Blue Wiek. 

f. 1-2. 
ItUrata, Y. & B [PI. XII. fig. 10.] Upper lias, Robin Hood's Bay. 

Group of Glabrae. 

Trigonia LingonensiSfDvaaoTdcT ; [PI. XIV. fig. 11.] M. L. Eston Nab. 
Lye. t. 22. f. 1-4. 

Unionid^b. 

Z7nio€{iStor<u«, Bean, Mag. N. Hist lifiddle Sbale, Gristhorpc. 

voL ix. p. 376. 

i9ur/>«i*a<u«,Phil.MS.,asmall Upper Shale, White Nab. Ironstone, 

oval species. in Lower Shale, Haibum Wyke. 

CaRDIIDjE. 

Oolitic Species. 

Cardium eUriwndeum, Phil [PI. VII. fig. 7.] C. B. Scarborough. 

eognatum, PhiL [PI. IX. ^: 14.] K.R. & C.B. Scarborough. G.O. dough- 
ton Wyke. 

Crawfordii, Leek. G. J. vol K. R. Scarborough. 

xiv. pi. 3. f. 9. 

gtl>berulum, PhU [PI. XI. fig. 8.] 1. 0. Blue Wick. 

glohomm^ Bean, Mag. N. H C. B. Scarborough. 

1839, f. 19. 

iruxrtum, Phil [PL XL fig. 5.] 1. 0. Blue Wick. 

lahan^ Bean, MS C. B. Scarborough. 

lohatum, Phil [PL IV. ^. 3.] C. 0. Malton. C. B. Scarborough. 

semiglahrum, PhiL [PL IX. fig. 16.] Cloughton Wyke. 

striatulum, Sow [PL XI. fig. 7.] M. 0. Cloughton. L 0. Blue Wiek. 

faHax, Phil. (C. dissimUe, [PL V. fig. 27.] 0. C. Scarborough. 

PhU. 1829.) 

2k2 



252 ORGANIC REMAINS— ANIMALS. [Chap. XVI. 

Liassic Species. 

Cardium muUicostatumj PhiL . . [PL XTTT. fig. 21.] Lower lias, Bilsdale, Bedoar. 
truncatum. Sow [PI. XIII. fig. 14.] M. L. Staithes, Kettleiiess. 

LuCINIDiB. 

Neocomian Species. 

Lucifia sctdpta, Phil [PI. 11. fig. 16.] Middle Clay, Speeton. 

Corbis, sp Upper Clay, Speeton. 

Oolitic Species. 

Luciiia ampliata, Phil [PL HI. fig. 24.] C. 0. Malton. 

Beanii, Lye. t. 38. f. 3, C. B. Scarborough. 

BeUona, D'Orb. ; L-AM. t.6 „ „ 

f. 15, 18. 

crassa^ Sow. t. 557 „ ,» 

despecUi, Phil [PL IX. fig. 8.] G.O. Cloughton. I.O. Blue Wick. C.B. 

Scarborough. 

lirata, Phil [PL VI. fig. ll.j K. R. Scarborough. 

P<n^ndicay Sow. G. T. ii. 4 Portlandian bed, Speeton. 

t. 22. f. 12. 

CorbiceUa Buvignieri, Desh CO. 

deeussata, Bean „ 

laevis, Sow. t. 580 [PL V. fig. 32.] C. 0. Malton. K. R. South Cave. 

ovalis, Phil [PL V. fig. 29.] K.R. & C.B. Scarborough. 

subcBquikUeralis, Lye. t. 35 C. B. Scarborough. 

f.l2. 

uniformis, Bean CO. 

Tancredia axiniformis, Phil. . . [PL XI. fig. 13.] 1. 0. Blue Wick. 

curtansata, Phil [PL HI. fig. 27.] C 0. Malton. K. R. Red Cliff". 

Unicardium depressum, Phil. . . [PL IX. fig. 16.] C B. Scarborough. G. 0. Cloughton. 

<7i66o«*m,L.&M.t.l4.f. 11 G.O. Scarborough. M.O. Cloughton. 

stdeatum, Leok.G. J. voLziv K. R. & C B. Scarborough. 

pL 3. f. 11. 

Liassic Species. 

Corbis uniformis, Phil [PL XH. ^. 3.] XT. L. Whitby. 

Unieardium eardundeum, Phil. . . [PL XIY . fig. 12.] L. L. Robin Hood's Bay. 

CYPRINlDiE. 

Neocomian Species. 

AstarU loam, Phil [PL IT. figs. 18, 19.] Neocomian, Speeton. 

latieoMtOj Deeh „ „ 

lioeardia tmgvlata, Phil [PL n. figs. 20, 21.] 
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Oolitic Species. 

AsiarU altena, Phil [PI. m. fig. 22.] C. 0. Malton. 

AytanenM, Bean; Lye. t.40 CO. Ayton. 

f. 13. 

carinata, Phil [PL V. fig. 3.J K. R. South Cave. 

elegans, Sow [PL XI. ^g. 41.] C. B. Scarborough. I. O. Blue Wick. 

extema, Phil [PL HI. fig. 21.] C. 0. Malton. 

Leekenhyi, Wright ; Lye C. B. Scarborough. 

t. 42. f. 3. 

minima, Phil [PL IX. fig. 23.] G.O. Brandsby. M.O. Cloughton. I.O. 

Blue Wick, Roeebury. 

<nfata, Smith [PL III. fig. 20.'] C. 0. Malton. 

politula, Bean ; Lye. t. 35 C. B. Scarborough. 

f. 16. 

recondita, Phil [PL IX. fig. 13.J G. 0. White Xab. M. 0. Cloughton. 

robusta, Lye. t. 35. f. 6 C. B. Scarborough. 

rhomboidalU, Phil [PL III. ^. 28.] C. 0. Malton. 

ungulata, Lye. (A. lurida, [PL V. fig. 2.] 0. C, K. R., & C. B. Scarborough. 

PhiL 1829.) 

hocardia clarissima, Leek. G. J K. R. Scarborough. 

voL xiv. pL 3. f. 10. 

cordatOf Buck. Geol. Chclt M. 0. Cloughton. 

t.7.f.l. 

minima, Sow. t. 295 [PL VII. fig. 6.] C. B. Scarborough. 

nitida, PhiL [PL JX. fig. 10.] „ „ G. (). Cloughton. 

tenera,Sow. {I.tumida,Vhil. [PL IV. fig. 25.] C.G. Gristhorpe, Cayton. C.B. Scar- 

1829.) borough. 

Cyprina caralUna, D'Orb CO. 

depre89iusctda ?, L. & M. . . [PL V. fig. 30.] K. R. South Cave, Newbald. 

Cypricardia rostrata, Sow. ; L. & 1. 0. Blue Wick. 

M. t. 7. f. 9. 

cardiformis,'Dixh. (Cardium [PL XI. fig. 6.] G. 0. Brandsby. 1. 0. Blue Wick. 

acutangulum, Phil. 1829.) 

Leekenbyi, Lye. t. 37. f. 9 C. B. Scarborough. 

Opis Leekenbyi, Lye „ „ 

i%iKi>«t, Morris. (a«mi- [PL III. fig. 23.] CO. Malton. 

lis, Phil. 1829.) 

simiUs, Sow [PL XI. fig. 39.] 1. 0. Blue Wick. 

Myoeoncha texta, Buv CO. 

lAamc Species. 

Isoeardia petrieoita, Simpson M. Ij. 
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ffippopodium panderosum, Sow L. L. Eobin Hood's Bay. 

t. 250. 

Cardinia cancinna,^w,t.223 U.L. &M.L. Whitby. 

crassivscula, Stutchbury, fPl. XIII. fig. 16.] M. L. Robin Hood's Bay. L. L. Pock- 
Ann. N. H. 1842. lington. 

Janceolata^ Stutchbury, Ann L. L. Robin Hood's Bay. 

N. H. 1842. 

Listeria Sow. 1. 154 L. L. Rcdear. 

ovdlisy Stutchbury L. L. 

Aatarte Oppelii „ 

Cffpricardia cucuUata, Goldf. M. L. 

Venerid^. 
Oolitic Species. 

Cytherea'> dolabra, Phil [PL IX. fig. 12.] G.O. aoughton. 

Mactrid^b. 

Macira veterum, Phil. MS 1. 0. Glaizedale. 

Soivfrhifa triangularis, Phil. . . [PI. III. fig. 31.] C. B. Scarborough. 

TeLLIMDjE. 

Quenstedtia lanngata, Phil [PI. IV. fig. 6.] CO. Melton. C.B. Scarborough. G.O. 

Goughton. 1. 0. Blue Wick. 

oblita, Phil [PI. XI. fig. 16.] C. B. Scarborough. 1. 0. Blue Wick. 

Soiifjuinolaria vetusta, Phil [PL XIV. fig. 1.] L. L. Robin Hood's Bay. 

MVACIDiE. 

Neocomian Species. 

Mija phaseolina, Phil [PL II. fig. 13.] Upper Clay, Speeton. 

Corfmla punctum, Phil [PL II. fig. 6.] Neocomian, Speeton. 

Thetis Sowerhyiy Rom Upper Clay, Speeton. 

Panopcfa plicata, Sow. t. 419 „ „ 

neocomiensis, Ix^ym. G. S Neocomian, Speeton. 

Tr. 5. t. 3. f. 4. 

Oolitic Species. 

Panopofa Deshaysii, Buv CO. 

ANATINIDiE. 

Neocomian Species. 

Thrana PhiUipsii, Eom [PL II. fig. 8.] Neocomian, Speeton. 
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Pholadomya deeussaia, Phil. 1829 [PI. II. fig. 9.] Neocomian, Speetou. 

Martini, Forbes, G. J. i. t.2. f.5 

Oolitic Species. 

Anatina versieostata, Buv. ; Leek K. R. Scarborough. 

G. J. vol. xiv. pi. 3. f. 6. 

undulata, Sow [PI. V. fig. 1.] C. B. Scarborough. 

Thracia depressa, Sow. t. 418 K. C. Speeton Scar. 

ineertay Thoim C.G. 

Pholadomya acuHcosta, Sow. t.546 G. 0. White Nab. 

angustata. Sow. t. 327 C. G. & C. B. Scarborough. 

dngvlaUiy Ag C. G. 

deltoidea. Sow. t. 197 C. G. Malton. 

gracilis, Ag C. G. 

fferaulHiyAg.; L.&M.t.l2.f.l M. 0. aoughton. 

nana, Phil [PI. IX. fig. 7.] C. B. Scarborough. G. 0. White Nab. 

<^)soletay Phil [PI. V. fig. 24.] 0. C. & K. R. Scarborough. 

ovalis. Sow. t. 226 C.B. Scarborough. G.O. White Nab. 

oiniZt«m,Ag. ; L.&M.t.l3. f.l2 CO. &C.B. Scarborough. G. (). White 

Nab. 

paueicostata, Ag CO. 

PliiUipm, Morr. (P. Mur- [PL VII. fig. 9.] C B. Gristhorpe, Scarborough. 
cAiwni, PhiL 1829.) 

producta. Sow. t. 197 

Sctmanni, L. & M. t. 11. f. 1 G. 0. &M. 0. aoughton. G. O. Wliite 

Nab. 

simpUxy Phil [PI. IV. fig. 31.] C G. Gristhorpe. 

Zromomyacr(unu<ctiZa,Lyc.t.43.f.5 C B. Scarborough. 

Myacites (xqwitus, Phil [PI. XI. fig. 12.] G. 0. White Nab. I. 0. Blue Wick. 

Beaniiy L. & M. t. 15. f. 11 G. 0. Scarborough. 

ealceiformis, Phil [PI. XI. fig. 3*.] K. R. Scarborough, Scalby. C B. Scar- 
borough. 

compressituculus. Lye M. 0. Cloughton. 

decurtatus, PhiL [PL VII. ^g. 11.] C B. Scarborough. G. 0. White Nab. 

decussatus, Bean, MS C B. Scarborough, 

dilattu, PhU [PL XI. fig. 4.] 1. 0. Glaizedale. 

modictUyBesji; Lyc.t.43.f.l C.B. Gristhorpe. 

reeurvwy Phil [PL V. fig. 25.] C 0. & K. R. Hackness. C B. Scar- 
borough. 

* This figure is said by Dr. Lycett to have been taken from a specimen belonging to the 
Gombrash. 
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Myadies Searhurgensis, L. & M. [PI. IX. fig. 6.] G. 0. Soarboroogh. 
(M, PkiUipsii, Morris.) 

securiformis, PhiL [PI. VII. fig. 10.] C. B. ScarborougL G. 0. White Nab. 

sinister, Ag. ; Lyc.t. 35. f.l7 C. B. Scarborough. 

(roniomya literata,Sow. t224. f. 1 [PL VII. fig. 5.] C. 0. Malton. M. 0. Cloughton. 

sulcata, Ag. C. B. Scarborough. 

v-scripta. Sow. t. 224. f . 2-5 C. B. Scarborough. G. 0. Cloughton. 

Ceromya Bajoeiana, D'Orb [PI. XI. ^g. 40.] I. 0. Blue Wick. 

excentrica ?, Ag K. C. Speeton Scar (Judd). 

Studeri,Ag C.G. 

Oresslya ahdueta, Phil [PL XI. fig. 42.] C. B. Scarborough. M. 0. Cloughton. 

1. 0. Blue Wick. 

peregrina, PhiL [PL VII. fig. 12.] C. B. Scarborough. G. 0. White Nab. 

Solemya Woodtuardiana, Leek. G K. R. Scarborough. 

J. voL xiv. pi. 3. f. 7. 

Liassic Species. 

Pholadomya amhigua. Sow L. L. Hunt CUff. 

gaUina, Simpson U. L. 

obUquata, Phil [PL Xin. fig. 15.] M. L. Staithes, &c. 

rosteltata, Simpson L. L. 

MyadUs donaeifarmis, Phil [PL XII. fig. 5.] U. L. Whitby. 

degans, Phil [PL XII. fig. 9.] U. L. In nodules (rare), 

grandasvus, Phil L. L. Bedoar. 

liassinus, Quenst M. L. 

roiundatus, PhiL [PL XII. fig. 6.] U. L. Whitby. 

Oonmnya literata M. L. 

Gresslya granata, Simpson U. L. 

GASTROCHiENIDiE. 

Oolitic Species. 

(ktstrochana Moreana, Buv CO 

Pholadida. 
Neocomian Species. 

Photos eonstricta, Phil [PL II. fig. 17.] Neocomian, Speeton. 

Teredo, sp „ „ (Judd). 

Oolitic Species. 

Pholas cosUUata,L.&U.t 13.f. 18 C. B. Scarborough. M. 0. Cloughton. 

pulchralis. Bean; L. & M G. 0. White Nab. 

t. 13. f. 17. 

recondita, Phil. . .* [PI. III. fig. 19.] G. 0. Malton. 
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HOLOSTOMATA. 
NATICIDiE. 

Oolitic Species. 

Natiea arrjuta, Phil CO. Malton. 

adducta, PhiL [PL IX. fig. 30.] M. 0. Cloughton. 1. 0. Blue Wick. 

eincta, Phil [PI. lY. fig. 9.] C. 0. Malton. In LeedB Miweum. 

dymenia, D'Orb CO. 

iumidtda, Phil [PI. XI. fig. 25.] 1. 0. Blue Wick. 

puneturay Lye. & Mor. pi. 15 K. R. & C B. Scarborough^ I. O. Blue 

I 18. Wick. 

intignis. Lye. t. 45. f. 21 C B. Scarborough. 

Liassic Species. 
Natiea Peiops, D'Orb U. L. 

PYRAMIDELLIDiE. 

Oolitic Species. 

Chemnitzia HeddingtoMnsis, Sow CO. Malton 

t.39. 

melanioides, Phil [PL IV. fig. 13.] C 0. Pickering. 

Uneata, Sow. t 218 1. 0. Blue Wick. 

lineata, Leek. 6. J. vol. xv E. K. Scarborough. 

pL 3. f. 14. 

Scarburgensis, L. db M. t. 15 6. 0. Scarborough Coast. 

vetusta, PhiL [PL IX. fig. 27.] 1. 0. Blue Wick. M. 0. Cloughton. 

vittata, PhiL [PL VII. fig. 15.] C B. Scarborough, Griethorpe. M. O. 

Cloughton. 

EuUma Ugvigata, L. & M. 1. 15. f. 4 C B. Scarborough. 

Cerithiada. 
Neocomian Species. 

Cerithtum acuUatumy Bean, MS Lower Clay, Speeton. 

Olementinum, D'Orb Upper Clay, Speeton. 

PhiUipsii, Leym [PL II. fig. 38.] Middle Clay, Speeton. 

Oolitic Species. 

Ceriihium abbreviatum, Leek. G E. R. Scarborough. 

J. vol. xiv. pi. 3. f. 12. 

Beanii, L. & M. 1. 15. f. 5 G. 0. Scarborough. 

CuUeni, Leek. G. J. voL xv E. R. Scarborough. 

pL 3. 1 13. 

linujgforme CO. Pickering. 

2l 
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Cerithium murieatum, Sow [PL IV. fig. 8.] C. 0. & C. G. Malton, Seamer. C. B. 

Scarborough. 

qwdrivittatum, Phil [PL XI. fig. 23.] 1. 0. Blue Wick. 

gemmatumy L. & M. 1. 15. f. 6 M. 0. Cloughtou. C. B. Scarborough. 

Scarhurgen8e,L.&U.t.l5.tS G. 0. White Nab. 

Nerincea cingenda, Phil [PL XI. figs. 28, 29.] G.O. Cloughton, Brandflby. C.B. Scar- 

borough. 

eingetida. Sow 1. 0. Blue Wick. 

Edmeri, Goldf. t. 186 CO. Scarborough. 

vUurgiSf Rom CO. 

granulaia, Phil [PL VII. fig. 16.] C B. Scarborough. 

Alaria bUpinosa, PhU [PL IV. fig. 32.] C G. & K. R. Scarborough. 

Myurus, Desl [PL VI. fig. 13.] C B. Scarborough. 

PhiUipm, D'Orb [PL IX. ^g. 28.] G. 0. Scarborough. M. 0. Goughton. 

1. 0. Blue Wick. 

trifida, PhU [PL V. fig. 14.] 0. C Scarborough. 

Liassic Species. 

Cerithium defouum M. L. 

TURBITELLIDA ? Or CeRITHIADjE? 

Neocomian Species. 

TurriuUat loevigatay Leym Upper Clay, Speeton. 

LlTTORINID^. 

Neocomian Species. 

Solarium talmlatum, Phil [PL II. fig. 36.] Upper Clay, Speeton. 

Oolitic Species. 

AmherUya armigera, L.&M. t.31 C. B. Scarborough. 

f. 6. 

LitUninafuniculata, PhU [PL IV. fig. 11.] C 0. Malton. 

murieata, Sow [PL IV. fig. 14.] „ „ 

uniearinata, Bean, MS 1. 0. Blue Wick. 

Neritidje. 

Oolitic Species. 

NeritcfpM Arehiaei, D'Orb C B. Scarborough. 

Ouerrii, E. DeaL CO. 

p$$udoco8tata, D'Orb [PL XI. fig. 32.] M. 0. Cloughton. I.O. Blue Wick. 

Neriia cattaia, Phil. 1829 

ktvigataf Sow CO. 
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TURBINlDiE. 

Neocomian Species. 

Troehu pulcherrimus, Phil [PI. 11. fig. 36.] Upper Clay, Speeton. 

Deiphinula ineofupieua, PhiL . . [PL II. fig. 32.] „ „ 

Oolitic Species. 

Turbo MboratuB, Bean, L. & M 0. B. Scarborough. M. 0. Cloughton. 

t 9.f. 27; t 15. f. 2. 

Phmiptiiy L. & M. 1. 16. f. 12 C. B.&G. 0. Scarboro'. M. 0. Cloughton. 

ndooiUmus, Phil [PI. VI. fig. 10.] K. R. Hackness, South Cave. 

Phasianella dnOa, Phil [PI. IX, fig. 29.] G. 0. Cloughton, Brandsby. 

laHuscula,L.&K. t.l5. f. 16 G. 0. White Nab. 

ttriata, Sow. t. 47 CO. Malton. 

A short obtuse species analogous G. 0. Scarborough. 

to P. striata. 

Troehus angtdatuSy Goldf. C. B. Scarborough. 

bisertus, Phil [PL XI. fig. 27.] 1. 0. Blue Wick. 

Leckenbyi,L.&'hl. t.l5.f.21 G.O. Scarborough. 

monUitectuB, Bean [PL IX. fig. 33.] C. B. Scarborough. M. 0. Cloughton. 

pyramidatus, Phil [PL XI. ^. 22.] 1. 0. Blue Wick. 

Mtrigowus^ Lye C. B. Gristhorpe. 

HALIOTIDiB. 

Neoconiian Species. 

PletarotomariaprovincialiSjWOrh Lower Clay, Speeton. 

Oolitic Species. 

Pleurotomaria biearinatay Sow C. G. Gristhorpe. 

t. 221. 

granulata. Sow. t. 220 C.O.&C.G. Malton. C.B. Scarborough. 

arenosa. Leek. G. J. vol. xv K. R. Scarborough. 

pL 3. f. 1 

guUata, Phil [PL VI. fig. 14.] K. R. Scarborough. 

depresM, Phil [PL VI. ^g. 12.] K. R. Hackness, Scarborough. 

cingulata, Phil [PL IV. fig. 28.] C. G. Scarborough. 

reHeidata, Sow CO. 

striata^ Leek. G. J. vol. xv K. R. Scarborough. 

pL 3. f. 2. 

Troehotoma calyx, Phil [PL XI. fig. 30.] I. 0. Blue Wick. 

tamata, PhiL [PL IV. fig. 16.] C 0. Scarborough. 

Liassic Species. 

Cryptamia sspanaa. Sow M. L. 

PUwrotomaria {Turbo) undulata, [PL XIII. fig. 18.] M. L. Staithes. 

Phm. 

2l2 
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DfiNTALIIDiE. 

Neocomian Species. 

Denialium dlipUeum?, Upper Clay, Speeton. 

hmngatum, Bean, MS Lower Clay, Speeton. 

Oolitic Species. 

Denialium mtaloideum^Desh. .. [PL lY. fig. 37.] C.O.&C.O. Cayton. C.B. Scarborough. 

Liassic Species. 

Dentalium giganteum, Phil [PL XIY. fig. 8.] M. L. Robin Hood's Bay, Staithes. 

PATELLIDiE. 

Patella ? grajphica, Leek. G. J E. R. Scarborough. 

vol. XV. pi. 3. f. 3. 

FiSSURELLIDJS. 

Neocomian Species. 

Emarginula neoeomiensiSf D'Orb Upper Clay, Speeton. 

ToRNATELLIDiE. 

Avdlana ohsoleia, Phil [PL II. fig. 40.] Upper Clay, Speeton. 

Oolitic Species. 

Actcton humeralis, PhU [PL XI. fig. 34.] I. 0. Blue Wick. 

ptdlus, L. & M. 1. 15. f. 11 G. 0. Scarborough. 

rettmu, Phil [PL IV. fig. 27.] C. 0. Scarborough. 

Sedgvickii, Phil [PL XI. fig. 33.] 1. 0. Blue Wick. M. 0. Qoughton. 

C. B. Scarborough. 

Actceonina gigantea^ Deal. ; L. & G. 0. White Nab. 

M. 1. 16. f. 13. 

glabra, Phil [PL IX. ^. 31.] G. 0. Scarborough. M. 0. Cloughton. 

SearburgensiSj Lye C. B. Scarborough. 

tumidula,L,&U.tl5.f.l4 G.O. Scarborough. 

BULLIDiE. 

CylwdriUi (Bulla) ^n^oto, Phil. [PL IV. fig. 7.] C. 0. Malton, Scarborough. 

uindukLta, Bean, Mag. N. H C. B. Scarborough. 

1839, fig. 22. 
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SiPHONOSTOMATA. 

Neocomian Species. 

Strombid^e. 

RosUUaria {Aparrhais) ParJcin- [PI. II. figs. 33, 34.] Upper Clay, Speeton. 
Moniy Phil. 

retu8a,Sow,(h{earinatayLcym,) „ „ 

Oolitic Species. 

MuRICIDiE. 

Murex ffaceanensUy PhU [PI. IV. fig. 18.] C. 0. Hackness. 

BuCCINIDiE. 

I\irpuroidea nodulataj L. & M CO. Malton. 

t.6. f. 1. 

Cephalopoda. 

BSLEMNITIDiE. 

Cretaceous and Neocomian Species. 

BelemniteUa grantUata, Sow. . . [PL XXV. fig. 2.] Upper Chalk, Danes' Dike. 

mucronatay Blainv [PI. XXV. fig. 1.] „ „ 

Belmmtes LisUri, Phil [PI. XXV. figs. 3-6.] Red Chalk, Speeton. 

minimtu [PL XXV. fig. 4.] „ „ 

attmuattts [PL XXV. fig. 6.] 

Neocomian Species. 

BeUmnUes attenuatusy Sow [PL XXV. fig. 6.] Upper Clay, Speeton. 

jactduMy PhU [PL XXV. fig. 7.] Middle Clay, Speeton. 

minimusy list [PL XXV. fig. 4.] Upper Clay, Speeton. 

lateralis, Phil [PL XXV. fig. 8.] Lower Oay, Speeton. 

Judfliiy Phil [PL XXV. fig. 9.] 

Kimmeridgian Species. 

Mr. Judd quotes BelemniUs TrosloyanuSy D'Orb. and B. nitidusy DoUf. Not good specimens. 

Species of the Coralline Oolite and Calcareous Grit. 

BelemniUs ahbreviatuSy MiU. . . [PL XXV. fig. 10.] C. 0. & C. G. Sciirborough, Malton. 
hastatu8yBl{B.graeil{SyVYiil. [ PL XX VL figs. 3-5.] C.G. Scarborough (rare). 
1829.) 
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Species of the Oxford Clay and Kelloway Bock. 

Belemnites Owenii (5. Puzosianus, [PL XXVI. fig. 1.] K. R. Hackness. 
D'Orb.). 

tomatiUs, Phil [PL XXVI. fig. 2.] 

hcutatus, BL (B. gracilis, [PL XXVI. figs. 3-5.] Scarborough. 
Phil. 1829.) 

Species of the Qrey Oolite. 

Belemnites AaUnsis, Voltz .... [PL XXVI. fig. 9.] G. 0. White Nab. 

anomaltis, PhiL [PL XXVI. fig. 6.] „ „ [ton. 

quinquestdcatus, Bhinv. .. [PL XXVI. figs. 7-8.] „ „ Cloughton, Husthwaite, Carl- 

Supraliassic or Midford Sand Species. 

Belemnites Bucklandi, Phil [PL XXVII. ^g. 13.] Saody cap of lias, Blue Wick. 

JlfiKm, PhU [PL XXVn. fig. 12.] 

inomatiis, Phil [PL XXVII. fig. 10.] „ „ „ 

BELEMNITIDiE. 

Liassic Species. 

Belemnites acuminatus, Simpson. [Pl.XXVIII. fig. 10.] U.L. & Jet Rock, Saltwick. M. L. Eet- 

tleness. 

a4>fUus, Miller [PL XXVUI. fig. 1.] L. L. Robin Hood's Bay, Redear. 

hreviformis, Voltz [PL XXVIII. fig. ] M. L. Ironstone, Xettlenees, Eston, &c. 

daviformis, Blainv [Pl.XXVin.fig.4-6.]M.L. Staithes. L.L. Robin Hood's Bay . 

cylindricus, Simpson [Pl.XXVIII. fig. 14.] U. L, (lower part). Kettleness, Robin 

Hood's Bay, <&c. M. L. Staithes, 
Rosedale. 

dens, Simpson [PL XXVIII. fig. 3.] L. L. Robin Hood's Bay. 

dorsalis, Phil [PL XXVn. fig. 8.] U. L. Saltwick. 

elegans, Simpson [PL XXVIII. fig.ll.] L. L. Robin Hood's Bay, Huntcliff. 

elongatus, Sow. ; PhiL Mon U. L. Whitby (rare). 

t. 7. f. 17. 

inoequaUs, Simpson ; Phil M. L. Staithes &c. 

Mon. p. 91. {B, paxit- 
losus numismalis, Qn.) 

incsquistriatui, Simpson ; U. L. Whitby, Runswick. 

Phil. Mon. 1. 19. f. 48. 

avis, Simpson [PL XXVII. figs. 4-6.] U. L. Saltwick, Robin Hood's Bay. 

loHsHlcaius, Phil [PL XXVn. fig. 1.] U. L. Whitby. 

hngisukatus^ Voltz ; PhiL „ „ 

Mon. 1. 19. £47. 

»,Fhil.Mon.t.l3.f.34 L.L. Robin Hood's Bay. 



Chap. XVI.] CEPHALOPODA. 263 

Bdemnites pemtOiaius, Sow [PL XXVIII. fig. 2.] L. L. Robin Hood's Bay. 

paxtllontt, Schl.; Pbil. Mod M. L. Staithes. 

t.6. f.l6. 

poUex, Simpson [PI. XXVIII. fig. 9.] U.L. Whitby. L.L.(upp.part). Staithes. 

pditusy Simpson U. L. Jet Book, Saltwick. 

rudis, Phil [PL XXVIIL fig. 13.] M. L. East of Staithes. 

striolatusy Phil [PLXXVII.fig8.2,3.] U. L. Saltwick, Kobin Hood's Bay. 

iubUnuis, Simpson [PL XXVII. ^g, 6.] „ 

tubaduneatus, Voltz [PL XXVII. fig. 7.] U. L. Whitby, Saltwick. 

icabrosus, Simpson [PL XXVIII. fig. 7.] L. L, Robin Hood's Bay. 

tripcatUus, Schl [PL XXVII. fig. 8.] U. L. Saltwick (Jet Rock). 

tvhdaris, Y. & B [PLXXVUI. fig. 16.] U.L. Saltwick, Sandsend. 

VoUzii {V. eanicus et ven- [PL XXVIL fig. 9.] U.L Whitby, Saltwick. 

traits), Phil. 
vulgaris, Y. <fe B [PL XXVII. fig. 11.] U. L Whitby Scars, Saltwick, Sandsend. 

NAUTILIDiK. 

Neocomian Species. 

yauHlus plieatus. Sow. G. J. ii. 4 Upper Cla>, Speeton. 

p. 129. 

pseudo-elegans, D'Orb. t. 8, 9 „ „ 

radiatus, Sow. t. 356 „ „ 

Oolitic Species. 

Nautaus hexagonus. Sow. t. 529 K. R. Hackness. 

IxnsaUa, Sow. t. 41 I.O. Blue Wick. 

Liassic Species. 

NautUus annularis, Phil [PL XII. fig. 18.] U. L Whitby. 

astaeoides, Simpson [PL XII. fig. 16.] „ „ 

heterogenus, Simpson L. L. ? 

striatus. Sow. 1 182 U. L. Whitby. 

Ammonitida. 
Cretaceous Species. 

Crioceras WiUiamsani, Phil., a Upper Chalk, Danes' Dike. Unique in 

large species, with round the Cabinet of Professor Williamson, 

volutions transversely and 1873. 

finely ribbed, the ribs 

meeting two and two in 

small latero-dorsal rows 

of tubercles. 

Scaphites One large specimen obtained by Mr. Lee 

from the Upper Chalk of Danes' Dyke. 

Lower White Chalk, Speeton Cliff (Mr. 

Wiltshire). 



Ammonites peramplus, Sow. 
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Neocomian Species. 

Ancyloceras, Crioceras, Bamites, Hdieoeeras, a large group of which specimens occur in plenty 
at Speeton, but seldom in good condition. As r^ards the cost®, tubercles, and sutures, many 
of them agree with specimens from the Lower Chalk and Gault of the South of England ; but 
while those are mostly hook-formed, these are mostly spiral, with apparently straight eztensions 
when well-preserved examples occur. The references in ed. ii., under the title of HatniUM^ were 
chiefly to the species in * Min. Oonch.,' with which the ornamentation seemed to agree. The 
following was the list : — 
Namites altematus. Sow [PI. I. figs. 26, 27.] 

attenuatus. Sow [Pi. I. fig. 25.'] 

Beanii, PhiL [PL I. fig. 28.] 

intei-medius, Sow [PI. I. fig. 22.] 

maximus, Sow [PL I. figs. 20, 21.] 

PhUlipsii, Bean [PL I. fig. 30.] 

plicatilis, Sow [PL I. fig. 29.] 



H, armatus, Sow. (Morris, Cat). 
AncyUceras (Morris, Cat.)- 



Jncyloceras grande, Forbes (Judd). 
Aneyloceras (Morris, Cat.). 
A. grande (Judd). Morris refers it to 
H. armatuSj Sow. (Aniaoceras). 



IIeli4^oceras (Morris, Cat.). 



raricostatus, Phil [PL I. fig. 23.] 

rotundus, Sow [PL I. fig. 24.] 

Mr. Judd quotes Crioceras DuvaJit, Leveille, C, Bhneneiiy Levcille, and C, Ihaozianunif D'Orb., 
from Speeton day. 
AmmoniUs angtdicoatatus, D'Orb 



AsteriantUf D'Orb 

bidichotama 

bijnnnatus, WilL 

concmnti*, Phil [PL IL fig. 47.] 

erassicostatus, D'Orb 

cryptoceras, D'Orb 

curvinodus, Phil [PL II. fig. 60.] 

Dethayesiiy Leym 

Jissicostatus, PMl [PL II. fig. 49.] 

hystrix, Phil [PL n. fig. 44.] 

marginatus, Phil [PL IL fig. 41.] 

muMplicattis, Rom 

nisus, D'Orb 

Noricus, Schl.* 

nucleus, Thil [PL IL fig. 43.] 

parvus*^, Sow [PL II. hg. 46.] 

planus, Mant [PL n. fig. 42.] 

2>2ia)mp^Zt^,Sow.t.359.t.404 

rotula, Sow [PL IL fig. 45.] 

SpeetoneTisis, Y. & B 

trisuleosus, Phil 

venustus, TM [PL II. fig. 48.] 



Middle aay. 
Lower Clay. 

Upper Clay. 
Lower Clay. 

Middle day. 
Upper Clay. 



Upp., Mid., and Low. Clay. 

Lower Clay. 

Upp., Mid., and Low. Clay. 

Lower Clay. 

Upp., Mid., and Low. Clay. 

Middle Clay. 

Upper Clay. 

K. C. Kirkby Moorside. 

Lower day. 






B 
o 

c 



b: 



B 







A. Neocamiensis, D'Orb. Varieties are ntimed furciUatus and munitus. 
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This list, which doubles that given in the earlier editions, includes the determinations of 
Mr. Judd (G. J. 1868), and retains the names in use before the date of his paper. The oppor- 
tunities for the complete revision which is needed are much reduced of late years by the sepa- 
ration and, in the case of Mr. Bean, the division of the collections. 

Ammonites of the Portlandian Beds and Kimmeridge Clay. 

AmmoniU$ aliemanSf Von B. t. 7 K. C. Speeton. 

f. 4. 

Benryeri ?, Lesueur „ „ 

*bipUx, Sow. t. 293 P. 0. «fc K. C. Speeton. 

^giffanteus^ Sow. 1. 126 P. 0. Speeton. 

^gigas, Ziet 

^OraveiianuSy D'Orb „ „ 

♦/rtt», D'Orb 

longiipintis^ Sow K. C. Speeton. 

MaratUianuif D'Orb „ „ 

mutalnlis, Sow. t. 405 K. C. Kirkby MispertoD. 

•rotundus, Sow. t 293 P.O. & K.C. Speeton. 

triplieahu, Sow. t. 92 K. C. Speeton. 

I"o?, D'Orb 

Coralline, Oolite, and Calc-Grit Species. 

Ammonites eardatus, Sow. 1. 17 C. G. Ashlam, Birdsall. 

exeavatus, Sow [PI. VI. fig. 25.] C. 0. Malton. C. G. 

|)«rarma<i«. Sow. t. 352 CO. Malton. C. G. Cayton Bay, Filey 

Brig. 
pUeatOu, Sow. 1. 166 .... [PL TV. fig. 29.] C. 0. Malton, Oswaldkirk. 
Suiherlandi4B, Sow. t. 563 CO. Malton. C G. (in baUs). Gris- 

thorpe, Scarborough. 
t;aru»rtahtt,Buckl.G.of Oxf. [PL XTV. fig. 10.] C G. Gristhorpe, Pickering. 
(A. inttahiUs, PhiL 1829.) 

verteln-alis. Sow [PL TV. fig. 34.] CO. Malton. C G. FUey, Cayton. 

WiUiamsoni, PhU [PL IV. fig. 19.] C 0. Ayton. C G. 

Oxford Clay Species. 

AmmoniUt Lamberii, Sow Scarborough. 

oeulatus, PhiL [PL V. fig. 16.] 

Vemoni, Bean [PL V. fig. 19.] 

• The species thus marked as from the Portland beds are given on the authority of Mr. Ijic- 
kenby and Mr. Judd. 

2 M 
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KelUmay Bock Specie. 

Ammonites aUigatus, Bean; Leek Gristhoipe, Scarborough. 

p. 2. f. 2 {A, convolutus, 

Qucnst.). 

Arduennensis, D'Orb Scarborough. 

athleta, Phil [PL VI. fig. 19.] Hackness, Scarborough. 

Baugieriy D'Orb Gristhorpe. 

biiiatiiSy Bean Scarborough. 

bipartitits, Ziet „ 

Chamusseti, D'Orb. (A. len- [PI. VI. fig. 25.] 

ticularis, Phil. 1829.) 

ChauvinianuSy D'Orb „ 

canterminuSf Bean ; Leek. 6 ,, Gristhorpe. 

J. vol. XV. p. 12. 

diversus, PhiL [PL VI. fig. 18.] Hackness. 

Duncani, Sow. [PL VL fig. 16.] „ 

flexkostatus, Phil [PL VI. fig. 20.] „ Reddiff; Scarborough. 

funiferus, PhiL [PL VI. fig. 23.] Scarborough. 

gemmatw, Phil [PL VI. fig. 17.] „ Hackness, Gristhorpe. 

glabdlus, Bean ; Leek. G. J „ 

pl.2. f. 6. 
OawerianusJ&ow.; Leck.G.J. [PL VI. fig. 21.] Hackness, Scarborough, Redcliff. 

vol. XV. pi. 1. f. 1. 
gregariua, Bean ; Leek. G. J Scarborough. 

vol. XV. p. 11. 

Gidulmi, Sow. (young of [PL VI. fig. 15.] Hackness, Gristhorpe, Scarborough. 

Ciilhvicensis, Phil.). 

hi/perbolieu8, Simps. ; Leek. Scarborough, Hackness, Redcliff. 

G. J. voL XV. pi. 2. f. 4. 

Kbnigiy Sow [PL VI. fig. 24.] Hackness, South Cave, RedcHff. 

Lamherti, Sow Scarborough (Leckenby). 

lunula, Ziet „ 

MurrayanuSy Simpson „ 

ordiriariusfieBXi ; Leek. G. J Redcliff. 

vol. XV. p. 8. 

placenta. Bean ; Leek. pi. 2 Scarborough. 

f. 1. 

jpiicatilis, Sow. t. 166 „ (Williamson). 

pecultun. Bean ; Leek. G. J Gristhorpe. 

voL XV. pi. 2. f. 4. 
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Ammonites puUalis, Bean ; Leek Scarborough. 

G. J. voL XV. pi. 1. f. 3. 
revenuSj Simps. ; Lcck. G. J „ 

vol. XV. pi. 2. f. 2. 
nigosus, Leek. G. J. vol. xv GristhoqK'. 

p. 9. 

mblanns. Sow [PI. VI. fig. 22.J Hackiu^. 

turgidus. Bean ; Leek. G. J Scarborough. 

vol. XV. p. 11. 
ver^umnu^, Bean; Leek. G. J Gristhorpc. 

pL 1. vol. 15. f. 3. 

Thia list includes the large additions made in Mr. Leckenby's Memoir, G. J. vol. xv. The 
references which follow his name are to plates 1 & 2 of that memoir. The locality * Hackness/ 
is chiefly from specimens in my collection, which was formerly very large from those now lc«s 
productive quarries. They were mostly collected by the hands of W. Smith. 

Comhrash Species. 

AmmomUs fferveyi. Sow Scarborough. 

maerocepJialus, Sohl „ 

ierebratus^ Phil „ 

Grrey Oolite Species. 

Ammonitfs IlumphreysiantiSySow ^liite Nab. 

Blagdeni, Sow „ „ 

Parl-insoniy Sow „ „ 

Millepore Oolite Species. 

Ammonites Braihenridgii, Sow 

Inferior Oolite (Dogger) Species. 

Ammonites MurcJiisoncBy Sow In the Ferruginous Oolite, Boltby, near 

Thirsk. 

Liassic Ammonites. 

Arietes, Von Buch. Convolute, carinated; a fiirrow on each side of the keel (except 

when young), costs entire. 

Ammonites hifrons, Brug.= Wal- Upper lias, Wliitby, Staithes, <fec. 

cottii, Sow. t. 106. 

Brookii, Sow. t. 190 

Bueklandiy Sow. t. 130 [PL XIV. fig. 13.] Lower Lias, Redcar. The figure is from 

a very young individual. 

2h2 
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Ammonites Conybeari, Sow. 1. 131 [PI. XIII. fig. 5.] Lower lias, Robin Hood's Bay. 

muUicostatus, Sow. t. 454 „ ,» 

nodvIom8,Y.&B.t.l2.t4: „ „ 

obtusus, Sow. t 167 „ „ 

rarieostatus, Ziet. t. 13 „ „ 

rotiformis, Sow. t. 453 „ „ 

semieo8t(Uu8, Y. & B. t. 12 

f. 10 (bad). 

Tumeri, Sow. t. 452 [PL XIV. fig. 14.] „ 

The following species, described by Simpson, are from the Lower lias : — A, acuHcosUUus, S. ; 
A, aureoluSj S. ; A, Birdi, S. ; A, impendens^ Y. & fi. ; A, lateseens, S. ; A. Levisoni, S. ; A. 
multanfr actus, S. ; A. pingms, S. ; A, transformatusy S. ; A. validanfractus, S. 

Funiferi» Convolute; carinated; costse simple and curved. 

Ammonites striatutus. Sow. t. 421 U. L Peak. 

HUdensis^Y. & B U.L. Jet Rock. 

Simpson describes : — A, niteseens,Y. & B. (M. L) ; A. radiatus, S. ; A, regtUaris, 8. ; A.rudis, 
8. ; A. siphuneularis, S. ; A. vetustus, 8. — ^all but the first from Lower lias. 

Amalthei. More or less involute, with a crenated keel. 

Ammoniums erenularis, Phil [PI. XII. fig. 22.] U.L. WJiitby. 

Engdhardti, D'Orb. t. 66 M. L. Staithes. 

geometricus, Phil [P. XIV. fig. 9.] „ „ 

margaritatus, Montf. ; Sow. [PL XIV. fig. 6.] „ „ 

1. 17. 

oxynotuSj Quenst. Ceph. t. 5 This has rarely a crenated keel (group 

Clypeiformi). 

spinatusy Brug [PL XIII. fig. 8.] M. L. A. Hawskerefisis, of Y. & B. 

StoJcesii, Sow. 1. 191 M.L. Probably young of ^.mar^anto^iK. 

vittatus, Y. dz; B [PL XIII. fig. 1.] Supposed to be young of ^.niar^art(a<u«. 

In Simpson's list we find A, cmijwietivuSy S. ; A. depressus, 8. ; A, ferrugineus, 8. ; A. reticu- 
larisy 8., from the Middle Lias, which seem to belong to this division. 

Fakiferi. Involute, depressed, sharply carinated, costse sigmoidal. 

Ammonites elegans, Sow [PL XQI. fig. 12.] Whitby. 

ea^araius, Y.&B [PL XQI. fig. 7.] 

faleifer,Sow. (A.mtdgravius, 

Y. ft B.). 
LythefisisetBoulbiensis,Y.&B. [PL Xlll. fig. 6.] Sandsend, Boulby. 
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Ainmonites opaUnu8fBem.(A.ova' [PL XIII. fig. 10.]. Saltwick. 
iu8, Y. & B.). 

Simpson describes A, aUcenus, akemahis, Beanii, Buckii^ coinpaciilisj denotatus, dejeetus, 
fidvuBj UunUndj lectuSj limatus, multifoUaius^ obUquatuSy PhUlij^ii, retentus, rugattdus, Robin- 
soni, simplex, Simpsoni, simUis, subconeavta, volutus, which may be placed in this division 
though not all strict allies. 

Communes (Planulati) . Convolute, with divided or unequal annular costae. 

Ammonites annulatuSf Sow. t. 222 U. L. Sandsend, Runswick. 

communis, Sow. t. 107 U. L. Whitby, Sandsend. 

crassus, Y. & B [PL XII. fig. 15.] U. L. Whitby, Boulby, &c. 

These are nearly allied, especially the three last. To them Simpson adds about twenty more, 
which, as he remarks, for the most part closely resemble them. They are mostly, if not wholly, 
from the Upper lias. 

Armati. Convolute, costse unispinose or tubereulated, unequal, dividing, or united. 
This group is allied to the Communes. 

Ammonites armatus, Sow. t. 95 L. L. Robin Hood's Bay. 

JUndatus, Sow. t. 407 U. L. Whitby. 

subamuUus, Sow. 1 407 „ „ 

Allied to those are more than twenty forms described by Simpson : — A. Andreas, actUeatus, 
armiger, decussatus, hastatus, Hamiltoni, ignottis, mammilUUus, miles, mutatus, nativus, ohsoletus, 
Owenensis, retusus, sintiatus, spicatus, subtriangularis, semiarmattts, twrrieulatiu, vortex, vorticeU 
lus, validus. They are mostly from the Lower Lias, while the typical forms best known are 
from the Upper Lias. 

Biarmati. Convolute, or partly involute, with round or lunate aperture ; costae un- 
equal (or divided), and bispinose. 

Arnmonites Birchii, Sow L. L. Robin Hood*8 Bay. 

brevispina, Sow 

•heUrogeneus, Y. & B [PL XII. fig. 19.] 

Bechei, Sow 

striatus, Rein 

Taylori,Sow.{A.eorHutus,S.) 

Simpson describes A, qiuzdrieomutus, petricosus, Scoresbyi, tenuispina, which have a gcucral 
affinity, and are from the Lower Lias. 



* Specimens of this species appears, in the young state, undistingnishable from A. maculaUus. 
and in the old state agree with A. Hevdeyi of Sowerby (Wright). The figure referred to repre- 
sents a rader varietv than is common. . 
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Capricorni, Von Bach. Convolute; costse entire, no keel or furrow. 

Ammonites bretnspiTia, Sow. t. 556 L. L. Robin Hood's Bay. 

gagateus, Y. & B. xii. 7. ed. 2 U. L. Jet Rock, Saltwick. 

Jamesanif Sow. t. 555 L. L. (upper beds). HuntdiflF, Robin 

Hood's Bay. 

maculatus, Y. & B [PI. XUI. fig. 11.] L. L. (upper beds). HuntcliflEl 

planieasUUus, Sow L. L. Robin Hood's Bay (Simpson). 

The following species, described by Simpson, seem to belong to this division : — A. circus, diver- 
SU8, depressuSy JiguliwuSy integrieostatus, luridus, negleetus, niteseenSy omissuSj vitreus — mostly from 
the Lower Lias. 

Angulati. Convolute, at least when young; a furrow or angular inflexion of the 
costse on the perimeter (except when very young) . 

Ammonites arcigerens, Phil [PL XIII. fig. 9.]. M. L. Whitby. 

anguliferus, Phil [PL XUI. fig. 19.] M. L. Staithes. 

angtUatuSySohi,; Quenst.t.4 L. L. Redcar, with Oryphcea incurva, 

f. 2. Lima gigantea, and A. Bwklandi, J. P. 

One allied species from the Lower Lias is named A, sukatus by Simpson. 

Anguiformes. Convolute, with aperture nearly round, no keel or fun-ow. 

Ammonites halteatus, Phil U. L. Whitby. 

fimhriatus. Sow. t. 164 (^ M. N. 

comucopicsj Y. & B.). 

Jurensis, Ziet U. L. Peak. 

nitidvs, Y. & B U. L. Whitby. 

Simpson describes A. angiiiformis, S. ; A, fasciattis, S. ; A, involutus^ S. ; A. tenuicostatus, 
Y. & B. ; A. tuhellus, S. The following appear analogous : — A. erugatus, Bean [PL XTTI. fig. 13] ; 
A. rutilans, Bean; A, Belcheri, S. ; A. convolutus, S. ; A. reuspimUus, S. ; A, exortus, S. ; A, 
trivwlis. Bean. They are aU from the Lower lias, and offer points of agreement with A. poly- 
morphus of Quenstedt. A. balteatus is perhaps the same as A, nitidus, 

NatUiloidea. Involute, without dorsal keel or furrow. 

Ammonites heteropkyUiis, Sow. [PL XIII. fig. 2.] U. L. Whitby. 

t. 266. 

subcarinattis, Y. & B [PL XIII. fig. 3.] 

Loscombi, Sow. (A.ambiguus, 

Simpson). 

Perhaps this is the best place for the following shells, described by Simpson :— .^. antiquatus, 
erratus, Easingtonensis,fdbricatus, labratus, personattis, peregrinus, chiefiy from Lower Lias. The 
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small foeeils described by the same author, as A, arctus, Dennyi, lutniLs, may perhaps be the 
yoong of other larger forms. 



Fishes. 

The following list of Fossil Fishes from the strata of the Yorkshire 
coast is founded on the collections in the possession of Sir Philip Egerton, 
Bart., and the Earl of Enniskillen. 

Abbreviations used : — Ag. P. F., Agassiz, Poissons Fossiles ; Eg. P. G., 
Egerton, Proceedings of the Geological Society. 

Neocomian Species. 

OyroduB minor, Ag [PI. 11. fig. 55.] Speeton. 

Hybodus, sp., PhU [PI. II. figs. 51-53.] 

Macropoma Egertoni, Ag. P. F. 2. p. 174 „ 

Oolitic Species. 

Qyrodus, sp., PhU [PL IV. fig. 22.] C. 0. Slingsby. 

Hybodus, sp., PhU [PL V. fig. 22.] O. C. Scarborough. 

Lepidotus, sp., Phil C. G. Near Howsham. 

Species from the Upper Lias. 

JESi*moci?i«ova7t»,Ag.P.F.2.p. 209 Whitby. 

Atpidorhynchus anglicus, Ag. P. F. 2. (2nd ser.) „ 

p. 136. 

BeloTWStomus acutus, Ag. P. F. 2. (2nd ser.)p. 142 „ 

Dapedius micans, Ag. P. F. 2. p. 304 „ 

i%iiai^i«/a<cu?uZa<u*,Ag.P.F.2.(2ndser.)p.l05 „ 

Oyrosteut mirabilis, Ag. P. F. 2 (2nd ser.) p. 197 ., 

Lepidotus pectinatus, Eg. P. G. 1843 

semiserratus, Ag. P. F. 2. p. 250 „ 

Paehyeormus acutirostris, Ag. P. F. 2. (2nd ser.) „ 

p. 114. 

curtus, Ag. P. F. 2. (2nd ser.) p. 114 

graeOis, Ag. P. F. 2. (2nd ser.) p. 114 

latirostris, Ag. P. F. 2. (2nd ser.) p. 114 

latus, Ag. P. F. 2. (2nd ser.) p. 114 

Pholidophorus, sp. unnamed ,, 

Ptycholepis BolUnsis, Ag. P. F. 2. p. 108 

To theee Mr. Simpson adds a species which he names Tetragonolepis Salkfic^nsis. from tlie 
same deposits. 
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Reftilia. 

The species of Ichthyoaav/ruSj PlesiosaurtiSj and Teleosaurm which 
occur in the Yorkshire lias are mostly confined to the upper parts, and 
have been principally made known by means of the extensive alum- 
works on the coast. They appear to be for the most part different from 
congeneric forms in the Midland and Southern Lias, where the principal 
repositories are in the lower parts of this great deposit. A few species 
have been added by different observers since the date of Owen's reports 
on fossil reptiles, presented to the British Association in 18S9 and 1841. 

Idassic JReptilia 

Ichthij09auru8 acutirostris, Owen, 1839 [PL XII. fig. 2.] Whitby. 

crassimanuSf Owen. Yorkshire MoBenm „ 

intermedius, Owen, 1839 „ 

platyodon, Con „ 

Plesidsaurus hrachycephalvSy Owen „ 

Cramptoni, Carte and fiaily. Boy. Dab. Soo Kettlenees. 

1839, 1863. 

homahspirndtfluSfOwen. YorkshireMusenm Whitby. 

rugosuSy Owen, 1839 „ 

Zetlandi, PhiL Yorkshire Mosenm Lofthouse. 

TeUasaurus Ohapmanni, Konig; Y.&B. pl.l6.f.l Whitby. 

Oolitic Beptiliu, 

lehthyoaauruSf sp., Phil CO. Malton. 

sp., PhiL In the firandsby Boadstone, 

Yorkshire Museum. 

Cetiosaurus ?, sp., Owen In the Grey Limestone of 

White Nab. ScarboMfus. 

MegaJosaurus Bueklandi, Owen In the Cor. Oolite, Malton. 

Yorkshire Museum. 

Tdeosaurua, sp., PhiL „ ,, „ 

PUsumurus, sp G. 0. Near White Nab. 

PUiosaums, sp InKimmeridgeClay,8peeton. 

Undetermined Coracoid, Phil Kelloway Bock, Hacknees. 

Neocomian JReptilia. 

Ichihtfosaurus, sp., Phil [PL II. figs. 52,54.] 
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BIRDS— MAMMALIA. 

The notioes already given in describing the lacustrine beds on the 
coast, the deposits at Bielbecks (pp. 14-16), in the Pleistocene beds 
generally (p. 168), and the Cavern of Kirkdale (pp. 168, 169), comprise 
all the species of Cainozoic Birds and Mammalia in Yorkshire. By Mr, 
Blake's late explorations at Bielbecks, the fossil Bear {Ursus arctos) has 
been added to the list from that rich locality. 



Note on Heights above the Sea. 

Reference was made (p. 25) to some corrections of the numbers representing heights of cliffs 
and hills which were giyen in the first edition. Mr. Gray, my associate on many occasions of 
scientific research in Yorkshire, has compiled the following list of the principal heights, in East 
Yorkshire, placing in the first column the numbers formerly assigned, and in the second those 
now actually expressed on the Ordnance Maps, or inferred from the contour lines. These latter 
are uniformly from the half or mean tide levels. 



Burton Head 

Cranemoor 

Farndale Head . . 
Loosehoe Moor . . 
The Two Hows .. 
Howdale Head . . 
Carlton Bank .... 

Cold Moor 

Wainstone 

Hambleton End . . 
Black Hambleton 
Limekiln House . . 

Boltby Scar 

Whitehouse Cliff 

Easterside 

Bosebury Topping 

lilhow Cross 

Silhow 

Danby Beacon 
OldsteadBank .. 

Wass Bank 

Boon Hill 



As in 
"the 
Book." 



870 



1485 

1423 

1412 

1404 

1380 

1346 

1325 

1314 

1300 

1300 

1246 

1148 

1105 

1078 

1035 

1022 

1000 

975 

966 

954 

900 

860 



Ordnanoe 
Mapa. 



72 



tide? 



Aiin 
"the 
Book." 



1489 

1427 

1391 

1419 

1379 

1350 

13;^ 

1317 

1304 

1300 + 

1234 A 



1053 

1048 

1057 

978 

988 
867+ 
849 or 870 
834 



Three Hows 

Wilton Beacon 

Stow Brow (Beacon) . . 

Eaton Nab 

Acklam Wold 

Bason How 

Easington Heights . . . . 

Rockcliff 

Flask Inn 

Peak 

Burleigh Moor 

Hunsley Beacon 

Gilling Boad 

Oliver's Mount 

Brandsby House Wood 

ScalbyNab 

Speeton Beacon 

Craike HiU 

Scarbro' Castle 

Gristhorpe Cliff 

Flambro' (Lighthouse) 
Dimlington 



820 
805 
800 
784 
739 
686 
681 
666 
660 
605 
553 
531 
520 



Ordnance 
(new) 
Maps. 

7 J tide? 



675+ 
808 
873 
800 ' 
751 ; 

679 I 
666 ; 

6664- 
582 I 



510 


500 -h 


506 


.... 


490 


500+ 


' 450 


444 


' 400 




305 


285 


295 


275+ 


159 


154 fl 


159 


.... 



2m 
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list of Fossil Shells firom the Post-Tertiary Bed at Bridlington, 

Yorkshire. 



No. 


Autboritj. 


Name of Species. 


Sjnonym. 


Where liying. 


Bemarka. 


Brachiofoda. 


1. 


W.,W*,W.J' ... 


Rfynchonella paittacea, 
Cbemnits. 




Arotioseas; Shetknd; NJS. 
America ; N. Pacific. 






CONCHIFERA. 


2. 

3. 
4. 

5. 

6. 

7. 

a 

9. 
10. 

11. 

12. 

13. 

14. 

15. 
16. 
17. 


W.,W-,W.J'.Y., 

B. 
W.,W-,W.J',Y., 

B.,L. 
W..W*.W.J' ... 

W.,W-.W.J' ... 

W..W^W.J',Y., 

B.,L. 
W..W*.W.J'.L. 

W., W-. W. J', L. 

W.,W-.W.J' ... 
W.,W-,W.J' ... 

W.,W*.Y.,L. ... 

Coll. Bowerbank 
(fide Forbes). 

W.,W-.W.J',Y.. 
L. 

W.. W^ W. J', Y. 

W..W* W.J',Y., 

P.. L., B. 
W.,W<t,W.J',Y., 

P.,L..B. 
W.,W*,W.J',Y.. 

L..B. 


Jjiomia ephippium, Linnd... 
Pectm Jslandieut, Miiller ... 
MytibueduUs,!, 

Mytihu utodiolus, L 




Iceland to ICadeira ; Labra- 
dor to Cape Cod. 

Arctic seas to Bergen ; N JB. 
America; Japan. 

Throughout the North Atr 
lantu} and North Pacific, 
as well as circumpolar. 

North Atlantic to Cork ; and 
North Pacific Not known 
as polar. Perhaps inha- 
biting southern seas, but 
called bj other names. 

Japan. 

Spitsbergen to the Mgeaai ; 

N.E. America; Behrings 

Straits to Japan. 
Arctic seas to Bay of Biscay ; 

N.KAmerica; N.W.Ame- 

rioa to Japan. 
Spitsbergen to Danish coasts. 
Arctic seas ; N.B. America. 

Loffoden Isles to the Cana- 

Norway to Maderia and 
Sicily. 

Arctic seas in both hemi- 
spheres; Japan. 

Norway to the Caspian and 
Mediterranean. 

Mediterranean ; N.E. Ame- 
rica; Japan. 

Upper Norway to Aroachon ; 
N.E. Amenca. 

SpitzbergentotheMediterra- 
nean; N.B. America; N. 
Pacific. 


FoesQ in the Bay of Naples, 

and at Messina. 
A Uttoral speoes, and there- 

ing to this deposit. See 
note at the end of the list 
FossU in SicUy. 

Littoral and questionable. 
Mr. Leokenl^ says that 
Mr. Bean's speoimens in 
the York Museum wen not 

posit, but '* from a bed of 
sand quite high up in the 
dilurinm near Speeton." 

FoesU m Sicily. 

The tariety is Venm eom- 
prem^Jj. 






GtonuB Modiola of some au- 
thors. 

N, inmgnia, Gould 


Nucula tenuist Montagu ; and 
Tar. infiata, 

Leda minuta. Mull.; and 
TU.buceaia. 

Ledapemula^Um 




Leda eaudata, DonoTan 


Leda imaiula. Say 


gen. Yotdia of some authors. 


Mtmtacuia hidentata^ Mont. 
CanUumlslandicum, Jj, ... 
Cardittm edule, L 




a deoortieatmn, S. V.Wood 


Cardita boreaiia, Conrad ... 

Oyprina Mandica, L 

Axiarie sulcata. Da Coeta; 
and var. eUipHca. 




C. anoHs, S. V. Wood, not 
Philippi. 


TeOina fiuca, Poll; Fenue 
manj other sTnonyms. 
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Ha 



Anttioritj. 



Nameof Speeiflt. 



Synonjin. 



Where liTing. 



Banuurks. 



CoNCHifERA {continued). 



la 

19. 
20. 

21. 
22. 

23. 

21 

25. 

26. 
27. 



W., Wj, W. Jr, L. 



W..W.?,WJr,Y., 

p.. L., B. 

W.,W*.W.J'.Y. 
P., L., B. 



aa 

81. 
S2. 



AtUuie depreata. Brown 



Marie borealu, Ch.; rar. 

Witkami ; and monBtr. 

mutabile, 
Astarte compreisa^ Mont ... 



W..W*,W.J'.T., 

B. 
W.,W*.W.J'.Y., 

Pn L., B. 

W.,W*.W.J'.Y. 
L^B. 

L.&J.a.J 

W*. W. J'. L.. B. 



Y..P. 

W,W.J',Y.. 



W..W*.W.J'.Y., 

W.,W*,W.J»,P.. 

L.,B. 
W..W*.W.J'.Y.. 

P.,B. 
W..W*,W.J*,Y., 

P.> I1.9 B. 



A, erebrieostafa, Forbes ; 
Wttrhami, Hancock. 



Orauina arcHca^ Gray ; 
many other synonyniB. 



Venus fiuctuoio, Gould. 
TdlmabaitJUca.L, .... 



Many synonymic Not 
eompressa of linni, which 
it tne variety eUiptica of 
A. sulcata. 

V. attartoides. Beck 



TeOiina ealearia, Ch.; and 
far. obUqua, 



Donaxvittatus^DtkC. 



Maetra aolida^ L. ; Tar. eUip- 

Hoa. 
Tirana pratenuis, Pulteney 
Corbula gibba, Ohii 



Myaarenaria, L. 
Mya iruncaia, L. 



2L Arctic 



in both hemi- 
spheres to north of He- 
brides and Cape Cod; 
Behrings Straits. 

ic ocean to Kiel Bay; 
N.E. America ; sea of 
Ochotsk. 
Fentt8|Spitzbergen to coast of Por< 
togal ; Baffins Bay to Cape 
Cod; N.Pacific. 



and Arctic 



r.«>/iitiAz,Palteney. 



7.2(ito,Gmelin; T.proxima, 
Brown; and many other 
synonyms. 

D. irunculus, L. (partim); 
2>. semistriatuSf PolL 



C. nucleus, Lamarck 
3/1 Jtqxmica, Jay ... 



SaxieavaHortegiea^QpenglerQenxiB Panopaa of some 
authors. 



SaxUava rugosa^ L. 
Pholas erupata^ L. .. 



3iya arciica, L. 



Fossil at Nice according 
Bisso. 



Arctic seas ; N.E. America ; 

of Odiotsk; Japan. 
Circumpolar. N.Atlantic to 

Madeira and Cape Cod; 

N.Pacific 

>itzbergen to the Baltic; 

Ghreemand to Cape Cod; 

Behrings Straits to Japan. 
Upper Norway to '*'-'-^"- 

ranean. 
Icehmd to Bay of Biscay, 



Ireland to Sicily. 

Loffoden Isles to the Cana- 
ries and .£eean. 

Arctic seas to Adriatic ; N.K 
America ; N. Pacific. 

Same range of distribution 

Iceland to Bogm Bank; 
N.E. America Tn. Pacific. 
Unirersally distributed. 

Iceland to Bay of BisoaT; 
N.£. America ; N. Pacific. 



to 



Mediter-iPurchased. 



Fossil m Sicily. 
Fossil in Sicily. 



SOLENOCONCHIA. 



88. 
81 



DentaUum entaUsy L.. 



W.,W*,W.J'.Y.. 
P., L.. B. 



I)enial%umstriolaium,^\iaBa^^. 
■on. 



K ebyssorumy Sars ; Tar. 2). 
imoertwn, JPhilippi = 2>. 
agUs^^axs. 



Iceland to Bay of Biscay; 

N.Pacific 
Arctic seas to Bay of Biscay ; 

N.E. America ; Tar. incerta, 

Mediterranean. 



Fossil in Sicily. 



Gastropoda. 



861 
86. 
87. 



W..W«,W.J',IiL. 

B. 
W..W*,W.J'.Y. 

LnB. 



Lepeta etsca, MulL 

Puneturtttanoackina, L. 



T^roekus varicosus, 
and Adams. 



Mighela Mdrgariia 



eleaantissitnaf 
Bean and other synonyms. 



Arctic seas to Hebrides, N.£. 

and N.W. America. 
Arctic seas to Bay of BiseaT ; 

N.E. America ; N. Paoinc 
Spitsbergen to Norway; NJ£. 

America; Japan. 

2^n2 
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i No. Authority. 



Name of Species. 



Sjnonyin. 



Where living. 



Bemftrks. 



Gastropoda {continued). 



38. 
39. 

40. 
41. 
42. 
43. 
44. 

45. 

46. 

47. 



,W.. W^ W. Jr, P. 
L.&J. G.J 



W..W-.W.J',Y.. 

P. 
W.,W^W.J',Y., 

L.,B. 
W.,W-W.,Jr.Y., 

L..B. 
W..W-,W.Jr.,Y.. 

L. 
W..W*,W.Jr.Y., 

P.. L., B. 

W.,W- W.J',Y.. 
L.,B. 

W.,W*,W. J' ... 

W., W-, W. J', Y. 
L.,B. 



Littorina Utarea, L 

LUiorina rudis^ Maton . 



TurrMla terOra, L. .. 
TurriteUa eroaa, Couthoaj. . . 
Scaiaria GroetUandiea, Oh. 
Natica hlandica, Ghnelin .. 
NoHca Groenlandica, Book.. 



N. kelieoides, Johnston . 



Natica qffinU, Om. ; and 
Tar. oecluaa, 

Natica Montaeuti, Forbes ... 

TrichotropU boreaUa, Brod. k 
Sow. 



W.,W^W. J^Y., 

L.,B. 
Wd.,W.J>,P..L. 

W., W-?. W. J', 
Y.. P., L. 

W-.W.J',L.,B... 

W..W-.W.J%Y., 

P.. L.. B. 
W., W^ W. J', 

P..L. 
L 



Admete viridtiia, Esbrioius. . 

Purpura ktpiliuSf L 

Buccinum undatum, L 



W..W^W.J',P., 

L.,B. 
W.,L 



W., W*,W.J',Y., 

P., L., B. 
B 



W.,W^W.J'., 



W., Wd,W. J',B. 



TViopAon truncatut, Strom... 

TVophon clathratus, L. ; and) 7*. acakaiformis, Gould 

Tar. Gunneri, 
Tropkon Fabricii, Book 



Trophon latericeuSf MiilL ... 

Fusus deapectuB, L.; and 

monstr. eonirarium, 
FumuLeckenbyi, S. V. Wood 

Fuaus curtua, Jeffir. ; and Tar. 

expatua. 
Funu SpHzbergenm, BeoTe 

Fuaua propinquuSf Alder ... 



Fiam Sard, JeSEr, 

ColumbeUa rotacea, Gould.. 



Numerous synonyms . 
7\ eommunu, Bisso . 



T.dathrahOa, a V.Wood 
r.|N>^Mt,Beok. 



N, elausaf Broderip k Sower- 
hj; rtLt.oechua^N.rusia, 
Gould. 



Caneellaria costeUtfera^ J. 
Sowerby. 



Murex craiiculatua, Fabr. ; 
not T, crtUiculatut, L. 



Futua turgidulua, 

MS. 
Trophon ffracUe^ Sabmif 

ventricosua, S. V. Wood. 
F. Sabini, Woodward .... 



a aUboUU, Book. . 



Arotioooean to the Adriatic ; 

N.E. America. 
Arctic seas to Azores and 

Adriatic; N.E. America; 

Japan. 
LoiFoden Isles to the Adriatic 

^Arctic seas; N.E. America. 

Arctic ocean to north of 
Hebrides ; N.E. America. 

Arctic ocean to Cork; N.K 
America. 

Arctic ocean to Straits of 
Gibraltar; N.K America; 
N. Pacific 

Arctic ocean to the Bay of 
Biscay ; N.E. America ; N. 
Pacific. 

Iceland and Loffoden Isles to 
Straits of GKbndtar. 

Arctic seas in both hemi- 
spheres, to the Dogger 
Bank and west of Ireumd 
on the one side and the 
Massachusetts coast on the 
other side of the Atiantic. 

Spitsbergen to Bay of Biscay ; 
N J!. America ; Japan. 

Arctic Hcas toMc^ador ; N.E. 
America ; N. Pacific. 

North Cape and Iceland to 
Bochelle ; N.E. America ; 
N. Pacific. 

Greenland to south of Ire- 
land; N.E. America. 

Arctic seas in both hemi 
spheres; Japan. 

Ar^c seas in both hemi' 
spheres. 

Arctic ocean to north of 
Hebrides. 

Arctic ocean to coasts of Por- 
tugal; N. Pacific 
Jeffireys Deep water between Shetland 
and the EaroS L 
andlN.E. America. 



Spitsbergen and Wellington 
channel. 

If this species, Loffoden Isles 
to Doggeor Bank. Mobius 
giTes ahigh northern lati- 
tude (73M4«); but ito 
occurrence at Bridlington 
requires Terification. 

Norway to south of Faroe I. 
in deep water. 

Spitsbergen to north of He- 
brides; N.E. America. 



Littoral and queationaULe. j 

Purchased; pjerhaps adTen- 
titious, being a littorali 
species. 



Fossil in Sicily and Rhodes. 



Fossil in Calabria and Sidly. 



Very questionabla. 
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No. 



Authority. 



Name of Species. 



Synonym. 



Where liring. 



Bemarks. 



Gastropoda {continued). 



63. 



64. 
65. 



6a 

67. 



W..Wd,W.J',Y.. 

B. 
W.. Wd?, W.J', 

L..B. 

W., Wd, W. J^, L. 

W..Wd,W.J^.Y.. 

P., L.. B. 



W.,L.. 



Wd. W. J'. T., P., 
L..B. 



Heuroioma pyramidaUa, Sir, 

Pleuratoma viotaeea. High. 
andAcL 

Pleiirofoma elegans, MoWw 
Pleuratoma turriculaMoni, ; 

and Tan. nobilis and «ara- 

rata, 
Pleurotoma karpularia. 

Couth. 
Fleurctoma Trevdyana, Turt 



FusuipleuroUnnariuB, Conth. 



Drfrancia cylindraeea(Be6k)j 
Holler. 



P. Jkmmmi, S. V. Wood, 
other synonyma for Ta- 
rietiea. 

P.ro6tii^8.V.Wood 



Drfraneia Woodiana, MolL . 



to Bergen; 

id to Gape Cod. 

Arctic ocean to I^orway; 

N.E. America; Wellington 

ChanneL 

Spitsbergen. 

andSpitsbersen to the Straits of 

Gibraltar; N.E. America; 

Japan. 

Norway to N.E. America. 



Arctic seas h 
tpherea to 
and Gape 
America. 



both hemi- 
BankI 
N.W. 



N.B. In the second column, R signifies British Museum ; L. Mr. Leckenby's oolleotion at Oambridge ; P., 
collection of Profisesor Phillips at Oxford ; W., Mr. S. V. Wood's Monograph of the Crag Mollnaoa and Sup- 
plemmits published by the PalsDontographical Society; W. J^, Mr. 8. V. Wood, Jun., paper in the Quarterly 
Journal of the Geological Society for 187Q, p. 02, '* On the Belation of the Boulder^day, without Chalk, of the 
North of England to the Ghreat Chalky Boulder-Clay of the South ;" Vf^, Mr. S. P. Woodward's ** Bemarks on the 
Bridlington Crag, with a list of iu fossil shells " (Geological Magasine, toL i. p. 49, 1864) ; Y., Collection in the 
If useum of the Philosophical Society at York. 

All the abore-named species are now liring and inhabit the aroHc and northern seas. Nueida Oobboldia is 
hitherto known from Japan only ; but it is probable that when the coralline and deep-sea sones of the circum- 
polar ocean shall hare been ezpbred, this species and many others, which are supposed to hare a limited distri- 
bution, will be discorered in the highest latitudes. Whether the Bridlington deposit was caused by a deriation 
of the arctic current in ancient times, or whether the nature of its lisnna necessarily implies that glacial condi- 
tions then existed in that part of Europe, is a question whi<^ requires careful attention. The present direction 
of the arctic current has been to a certain extent shown by the expeditions in H.M.S. * Porcupine ' during the 
years 1869 and 1870, to trarerse the North Atlantic along the west coast of Ireland as well as the Bayof Biscay ; 
and there is no doubt that it formerly reached that part of the Mediterranean where Sicily is. 

I should be inclined to reject from the list of Bridlington shells the following speoieB, Tis. MyiiiuB edtdis, 
Cardium eduU, Littorina iitorea, L. rudiU, and Purpura lapiUu9\ because they are littoral, and therefore not likely 
to be avociated with species which belong to the Coralline lone, such as RfynckoneUa ptitiaeea, Venu$fiuetfio$a, 
DetUaiium tirioUUum, MmtU viridula, and Coiumbetta HMoUi, Theee littoral shells may ha?e come from an 
overlying or adjacent bed, and become accidentally mixed with the shells from the deposit under consideration. 



28 March, 1874. 



J. Gwni JirrBETS. 
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Nodosarias A.N.H, 3. m.479, 3, v. 114. " Kimmeridge and Oxfbrd days." 

Nodosaria (Gflandulina) UjBvin PhiLTrans. gIt. 341; A.N. *' Oxford Clay, Leighton ftc. ; Kimme- 
gata. H. 2. xix. 281. ridge Clay, Aylesbury.'* 

radunda Phil. Trans, dv. 341 " Clays of the Oolites." 

Dmtalina eommvnig Phil. Trans. gIt. 342 " Jnrassio days." 

Fa<;rtnu7tna h'neam, allies of. Phil. Trans, dv. 343 "Clays of the Secondary Formations." 

Marginvdina Phil. Trans, dv. 344 " Secondary strata." 

Minute Marginviiua Wetke- A. N. H. 3. iv. 349 <' days of the Oolites." 

CristdOaria rahdaia A. N. H. 2. xiz. 291 ''Some of the Odites." 

rotulata Phil. Trans, dv. 345 *' Secondaiy deposits." 

crepidula Phil. Trans, dv. 344 ,, „ 

Polymarphina laetea Tr. linn. Soc xxviL 215. . '< Kimmeridge Clay, Kimmeridge."' 

gibba Tr. linn. Soc. xzvii. 218 . . " Kimmeridge Clay." 

campreasa Tr. linn. Soc. zzvii. 229 . . ** Oxford day, Oxford, and Kimme- 
ridge day, Kimmeridge." 

compresia, vars PhiL Trans, dv. 362 .... '' Secondaiy deposita." 

Bolivina punctata Phil. Trans, dv. 376 ''Oxfordday and Kimmeridge day." 

Virgtdina Schrabenii, vars. . Phil. Trans, dv. 375 " days of the Oolite." 

paradoxa A. N. H. 4. ix. 299 "Jurassic days." 

Textdairia {SpiropUcta) anne^ A. N. H. 3. xi. 92 " days of the Oolites." 

tens. 

r«rtt7art«, small 1 A. N. H. 3. xi. 96 « Some days of the OoUtes." 

Vemeuumaf large J 

Planorbuli$M ammonMUi and PhiL Trans, dv. 384 .... " Secondary deposits." 
vars. 

Pulvinidina elegans, var Phil. Trans, civ. 390 " Kimmeridge day." 

Karsteni, var Phil. Trans, dv. 397 " Kimmeridge day and Oxford Clay." 

rq>anda, vars A. N. H. 3. v. 176 "Clays of the OoUtes." 

Lituola A. N. H. 2. xix. 302 .... "Oxford day." 

Placcptdina A. N. H. 2. xix. 302 " Inferior Oolite, on 0««raa^/Ia6«2foirf« 

• {Marshii), Peterborough." 

Numerous other forms are as yet undescribed. 



OOLITIC PORAMINIPERA OP ENGLAND. 



279 



In furtherance of a request made by the late Prof. Phillips, the follow- 
ing local lists of the Oolitic Foraminifera have been made by Professors 
W. E. Pabkeb and BiUpebt Jones from their own collections. The 
materials were in part supplied by Prof. Phillips himself : — 



1. Upper Portland Limestone, Bidgeway, Dorset. 



Lagena globoia. 
CrisUHaria rotulata. 



Trochanifmna : oombining characters of Tr. 
gordialis and Tr, inetrta : low-conical, sub- 
translucent. 



Olandulina. 
Nodomria. 
DentaUna. 
Vagmtdma harpa, 
Margiwdma. 



2. Kimmeridge Clay^ Aylesbury. 

CriMUUaria. 
Ffantdaria, 
LUuola: nautiloid. 
Polyzoon (Lepralia), 



8. Ostrea deltoidea bed ; lower part of the Kimmeridge Clay^ at the baae of 

Shotover Hill, Oxford. 



DetUaUna. 

Vagin%dma harpa and V. Uwigata. 

MargimmUna. 

CruteHaria. 

namdaria. 



Flabeama. 

F^randicularia. 

LUuola (PlaeopsiUnd) : attached, creeping: 

straightish. 
Lituola glcbigerimfaniui. 



4. Upper Oxford Clay, Oxford. 



Ordhoeerina {Bhadoganium) : tnangolar. 
LinguUna : some with a terminal Nodo- 

sarian chamber. 
DetUalma : very delicate and bng. 
VaginuUna Jutrpa, 
Mcargimdimi. 



OriitdUxna. 

Phmdariau 

FfabeUina. 

Frondicukttria. 

LUwda: straig^ litoate, andniratihnd. 



5. Oxford Clay, Bidgeway, Dorset. 



Margimdina. 
CrisUHaria. 



LUwda: nautiloid and litoate. 
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6. Shelly Clay, Great Oolite, 1^ mile North of Peterborough. 



Nodosaricu 

Dentalina. 

V(iginulina Ttarpa and F. strigOata. 

Margintdina. 

Planularia, 

CrisUllaria, 

Flahellina. 

FrondicuUma. 



Comparable with 
a recent groop 
from theAbrol- 
bos. 



Textilaria 

Vemeuilina 

LUuola: straight, lita- 

ate, and nautiloid . . . . ^ 
Trochammina ( WehUna) : creeping, attached, 

on shell. 
— ineerta: both sandy and subtranslucent. 
Nubectdaria: long, moniliform, attached, on 

shell. 



7. Lias (or Inferior Oolite ?) Clay at 150 feet, New England, 1^ mile north of 

Peterborough, 



CrUteUaria. 

Ptdvinulina (between P. elegans and P, 
earacolla) : abundant and smaU. 



Lituola scorpiurus (dentaline and neat). 
Trochammina ineerta. {T. eUiptiea: oblong- 
oval.) 



I am indebted to the courtesy of Hr. Harland, of Sawdon Park Cottage, Brompton, for much 
usefdl information regarding the alternating days and grayels which underlie the fiat surface 
of the Yale of Pickering. By five artesian borings from 68 to 95 feet deep the succession and 
thickness of these drift-beds has been folly made out along a great part of the Yale between 
Sherbum and Malton. Each of these experiments was successful in discoTcring a bed of gravel 
and sand with water which rose above the surface 5, 6, 10, 16, or 20 feet, from depths of 68, 
79, 80 J, 90, and 95 feet respectively. This gravel usually on being tapped contained chalk; 
it was penetrated in one case to a depth of 2| feet. The beds immediately above the gravel 
was in each situation clay, usually thick (30, 49, 55 feet) ; in one case it was very thin, and 
succeeded by 50 feet of alternating sands, gravel, and shale. At the surface, in one instance, 
peat 3 feet thick was met with. The water obtained was soft with distinct traces of iron. 

Probably the drift-deposits filling the old sea-loch extend to a greater depth than that 
reached in the deepest boring, which is in the middle of the vale near Yeddingham, at a point 
less than 100 feet above the sea-level ; if these drifts were removed, and the boulder-days of 
Filey pierced, the old loch would be reestablished, and the vale resume its preglacial aspect. 

If the success of these trials should induce others, it is very desirable that specimens of sand, 
days, and gravels should .be preserved for a careful examination, which might determine some 
of the local conditions under which the deposits were accumulated. 
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List of Books, Papbks, Maps, &c. on the Geology, Minebalogy, and 
Paleontology op Yokkshiee. By Willlim Whitaker, B,A. 
(Lond.), of the Greological Survey of England. 

The following list contains the titles of 616 different papers, &c. by 
290 authors, arranged according to the years of their publication, from 
1626 to the present time. 

Owing to the great difficulty of finding copies of provincial publica- 
tions in London libraries there may be many omissions, a note of which 
will much oblige the writer, who, however, trusts that no work of great 
importance has escaped notice. 

The earlier works consist largely, as might be expected, of books on 
mineral waters, and a knowledge of many of these has been got from the 
very full list in Baines's * Yorkshire Library;' but some works therein 
mentioned are not included in this list, as not in any way bearing on 
geology. 

The writer owes his thanks to his colleague Mr. W. Topley, for 
drawing his attention to some papers which he had omitted to notice. 



INDEX OF AUTHORS, WITH THE NUMBERS OF THEIR PAPERS, &c. 

Aitken, J., 533. Anon., 26, 32, 35, 39, 62, 67, 72, 73, 75- 

Aldereon, Dr. J., 49. 77, 82, 92, 98, 103, 112, 131, 147, 211, 

Alexander, Dr. W. H., 196. 311, 312, 326, 380, 410, 426. 

Allen, B., 22. Armitage, W. J., 327. 

Allen, T., 130. Atkins, J., 27. 

Allison, T.i 478. Atkinson, J., 104. 

2o 
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Aveline, W. T., 357, 358, 381, 382, 505- 
507, 534, 535, 568, 569. 

Baily, W. H., 385, 

Baines, S., 328, 343. 

Baker, J. G., 383. 

Barrow, T. W., 370. 

Bean, W., 163, 166, 181, 

Belcombe, Dr. W., 54. 

BeU, I. L., 395, 479. 

Bell, J., 536. 

BeU, Dr. J. P., 278. 

Bell, Prof., 384. 

Bewick, J., 313, 359, 480. 

Bingley, Dr. C. W., 344. 

Binney, E. W., 230, 258 a, 284, 297, 345, 

370«, 896, 399, 411, 427, 428, 459. 
Bird, J., 81, 96. 

Blake, Rev. J. F., 507a, 570, 571, 594. 
Bradley, L., 371. 
Brady, H.B., 434, 521. 
Bray, W. B., 224. 
Brewerton, T. L., 83. 
Brigg, J., 572. 
Briggs, H., 231. 
Brodie, Rev. P. B., 445. 
Brongniart, A., 249. 
Brown, Capt. T., 197. 
Buckland, Rev. Prof. W., 93, 99. 
Bunbury, C. J. F., 252. 

Carrington, Dr., 329. 

Carruthers, W., 481, 536 a. 

Carte, Dr. A., 385. 

Cayley, Dr. G., 56. 

Chapman, Capt. W., 30. 

Charlesworth, E., 173, 225, 235, 243, 

279. 
Charlton, L., 34. 
Chamock, J. C, 238. 



Church, Prof. A. H., 429. 
Clay, J. T., 198, 204, 212. 
Colwall, D., 18. 

Conybeare, Rev. W. D., 151, 160. 
Cooper, B., 242 a. 
Crowder, W., 292, 298, 299. 
Cumberland, G., 100. 
Curry, J., 446. 

Da Costa, E. M., 29. 

Dakyns, J. R., 263, 264, 463, 482, 483, 

485, 487, 505, 506, 508-512, 516, 534, 

535, 537-539, 544-546, 574, 595. 
Dalton, W. H., 573. 
D'Archiac, — , 180. 
Davidson, T., 253, 259, 260, 314, 330, 

360, 386, 540. 
Daubeny, Dr. C, 215. 
Dawkins, W. B., 412, 447, 512a, 541, 542. 
De Koninck, Prof. L., 315, 816. 
De la Beche, Sir H. T., 143. 
De la Pryme, Rev. A., 24. 
DeRance, C. E., 596. 
Dean, Dr. E., 1. 
Denny, A. H., 543. 
Denny, H., 232, 250, 280, 346, 372, 397, 

430. 
Dick, A., 293, 296. 
Dodgson, Dr. T., 144. 
Duncan, Prof. P. M., 448, 575. 
Dunn, J., 148. 

Eastmead, Rev. W., 105. 
Eddy, Capt. S., 216, 331. 
Ellis, H. W. T., 449. 
Embleton, T. W., 186, 199, 413. 
Emmett, Major-Gen., 347. 

Fairbaim, W., 300. 

Farley, J., 58-61, 63-65, 68, 70, 110. 
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Parrer, J. (or J. W.), 244, 430. 

Firth, W., 398. 

Fisher, Rev. O., 597. 

Fleming, Rev. Dr. J., 116. 

Forbes, Prof. E., 238a. 

Forster, W., 57. 

Foster, Dr. C. Le N., 263, 486, 487. 

Fost^, Dr. — , 450. 

Fraser, J. G., 387. 

French, Dr. J., 3. 

Gages, A., 348. 

Gamett, Dr. T., 42-44. 

Geinits, Dr., 399. 

Geoi^, E. J. (or E. S.?), 114, 124, 

174. 
Gibson, J., 196. 
Goodchild, J. G., 550. 
Gougfa, J., 69. 
Green, A. H., 263, 264, 451, 460-464, 

484-489, 506, 513, 514, 544r-54«, 576. 
Gnmer, — , 388. 
Gunn, W., 490, 515, 526, 561, 600. 



Housman, J., 51. 

Howson, W., 251. 

Hughes, Prof. T. M«K., 454, 466, 491, 

550, 568, 569. 
Hull, E., 349, 373, 389, 390, 401, 432, 

467, 516, 551. 
Hunt, R., 468. 
r Hunter, Dr. A., 145. 
\ Hunter, — , 85. 
Hunton, L., 175. 
Hutton, W., 154. 
Huxley, Prof. T. H., 492. 

Inglis, G., 78. 

Inglis, Dr. J., 217, 239. 

James, J., 433. 

Jars, M. G., 33, 36. 

Jenkins, H. M., 493. 

Johnston, Prof. — , 182. 

Jones, J., 536. 

Jones, Prof. T. R., 301, 374, 484. 

Judd, J. W., 469, 517, 552. 



Haime, J., 254, 262. 

Hall, E., 152. 

Hall, H. F., 452, 453. 

Hancock, A., 317. 

Hardwick, C, 431. 

Hargrove, E., 153. 

Hartop, H., 200. 

Hawkshaw, J., 233. 

Hawkshaw, J. C, 549. 

Higgins, W. M., 465. 

Hinderwell, T., 48. 

Hobkirk, C. P., 332. 

Hogg, J., 125. 

Holmes, T. V., 513, 514, 547, 584. 

Holt, H., 189, 199. 

Horton, W. S., 361, 400. 



Kemp, G. G., 281. 

Kendall, F., 72. 

Kirkby, J. W., 362, 375, 399, 455. 

Knowlton, T., 28. 

Knox, R., 285. 

Lankester, Dr. E., 205. 

Lau, — , 388. 

Leatham, I., 45. 

Leckenby, J., 333, 334, 402, 414, 598,601 . 

Lee, J. E., 183, 187. 

Lee, W., 206. 

Legard, G., 240. 

Lindley, Prof. J., 137. 

Lister, Dr. M., 9, 12-16, 20, 23. 

Lister, T., 318. 
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Lucas, J., 504, 507, 518, 585, 558, 577, 

598a. 
Lucas, W., 226. 
Lupton, M., 891. 
Lycett, J., 255, 269, 286, 302-304, 392, 

578. 
Lyell, Sir C, 184. 

M'Coy, Prof. P., 241, 288. 

Mackie, S. J., 319. 

Mackintosh, D., 415, 435, 554. 

Maleverer, — , 23. 

Manson, R. T., 403. 

Marley, J., 305, 404, 519. 

Marshall, W., 40, 117. 

May, C, 261. 

Meyer, C. J. A., 494. 

MiaU, L. C, 470, 492, 520, 520fl, 579. 

Milbum, M. M., 242. 

Miller, Dr. E., 52. 

Milne-Edwards, Prof. H., 254, 262. 

Mitchell, Dr. J., 167. 

Moberley, Rev. Dr., 245. 

Moore, C, 495, 521. 

Morris, Prof. J., 255, 269, 286, 376. 

Mortimer, J. R., 498. 

Mortimer, R., 350, 598 b. 

Morton, C, 188, 189, 199. 

Murchison, Sir R. I., 155, 456. 

(Murray, Dr. P., 132. 

[ Murray, Dr., 79. 



Painter, Rev. W. H., 580. 

Parker, W. K., 434. 

Patterson, S. R., 471. 

Pattinson, J., 405, 522. 

Percy, Dr. J., 406. 

Phillips, Prof. J., 126, 135, 136, 138, 
139, 149, 156, 158, 162, 168, 169, 176, 
191, 220, 234, 236, 263, 264, 270-272, 
282, 287, 321, 351, 417-419, 436, 458, 
472,497,523. 

Phillips, R., 106, 227. 

Piggott, Dr., 294. 

Pratt, C, 363. 

Prestwich, J., 364. 

Ramsay, Prof. A. C, 581. 

Ransomc, T., 242 a. 

Reid, H., 473. 

Reid, P. S., 352, 378. 

Ribblesdale, Lord, 55. 

Richardson, Dr., 21. 

Ricketts, Dr. C, 498. 

Riley, Ei, 582. 

Roberts, G. E., 376, 412, 420. 

Robinson, H., 474. 

Rofe, J., 421. 
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EXPLANATION OF THE PLATES. 



The former editions included a geological map of the eastern part of Yorkshire, 
intended to convey a correct general idea of the relative situation and extent of the 
principal mineral masses ; the scale to which it was drawn did not allow of minute 
accuracy. In 1853 my larger map in greater detail was published, including the 
whole county ; and to that reference may be conveniently made, even after the issue 
of the more exact maps on a large scale now in preparation by the Geological 
Survey*. 

The specimens figured in the following Plates were chiefly in the Collections of the 
Yorkshire Museum, Mr. Bean, Mr. Williamson (since transferred to the Scarborough 
Museum), Dr. Murray, and the Author; a few were drawn from the cabinets of 
Mr. Ripley, Mr. Lee, Mr. Cook, Mr. Preston, and the Whitby Museum, as indicated 
by the name after each species. The Bean collection has been divided between the 
British Museum, the Yorkshire Philosophical Society, and Mr. Leckenby, who has 
since transferred his fine series of Yorkshire fossils to the Museum of the University 
of Cambridge. Mr. Cook's collection is now placed in the Yorkshire Museum. 

The changes of nomenclature since 1829 require in many instances two designations 
for the same fossil, viz. the name usually referred to as being employed in the former 
editions, and that adopted in conformity with modem usage in the lists already given 
in this volume. Two columns of names are arranged to show the extent of the altera- 
tions. The first gives the reference as it stood in the former editions; the second 
contains that now sanctioned, chiefly through the work of Mr. Etheridge. If the 
difference is only generic, the name of the preferred genus only is given ; the occa- 
sional necessary change of termination in the specific names (to suit the gender in 
Latin) is not treated as a change of name. The dotted line indicates that no change 
is made. 

* The eastern portion of this Map, or that relating to and illastrating this part of the Geolog}- 
of Yorkshire, has been re-engraved, recoloured, and reproduced in this edition ; it was felt that 
this would materially add to the usefulness and value of the late Professor's work, especially so 
as the map above named was his owd, and also his latest views upon the Geology of the eastern 
area. — R. Etheridoe. 
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EXPLANATION OP THE PLATES. 



Platb I. — Chalk Fossils. 



Fig. 



Beferenoe, 1829. 



Reference, 1874. 



Id what Collectioii. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
8a. 

9. 
10. 

11. 

12. 

13. 

14. 

14a. 

15. 

16. 

17. 



18. 
19. 



Spongia plana 
capitata . . 
OBCuUfera 
JBenettuK . . 
margifiata 
convoluta . . 
crihrosa . . 



porom 

IcBviB^ with magnified parts 
of surface. 

radiciformis 

ter«&rato,with magnified view 
of interior. 

Lunulites urceolata 

MUlepora glohvlaris 

Caryophyllia centralis 

Marsupites omaius 

Plate of Cidarispapillata or cretosa 

Spatangus planus 

hemisphericus 

Terebrat:ma pentagonalis (com- 
pare it with T. striatulaj 
PL n. fig. 28). 

Bdemniies Idsteri 

Serptda 



Manon 

Cephalites . . . 

Manon 

Chenendopara . 

Scyphia 

Coscinopora 



Hippalimus. 
Siphonia . . . 



Coscinopora pileolus 

Coscinopora 

FarasnUlia 



Cyphosoma Konigi , 
Holaster 



Lee. 

Author. 
York. 



Author. 

York. 

Author. 



York. 



Terelnxitulina striata 



Lee. 
Bean. 

Williamson. 
York. 



SerpuXa solitaria 



20.1 

21. J 

22. 

23. 

24. 

25. 

26. \ 

28. 
29. 
30. 



Hamites maanmus. 
spird. shell. 
intermedins . . 
raricostatus . . 
rotundiAS .... 
attenuatus . . 



altematus 

Beanii* . . 
plicatilis . . 
FhiUipsii* 



Speeton Clay. 



It is a fine 



Ancyloceras grande . 



Helieoceras 



Ancyloceras, 



Cook. 

Bean. 

Williamson. 
Cook. 
Bean. 



Williamson. 
Bean. 



1. 
2. 
3. 
4. 
6. 



Plate II. — Speeton Clay. 



Caryophyllia conulus 

Cidaris 

Muricated spine of Cidaris 

Spaiangus argiUaceus 

Granulated spine of Cidaris 



Trochocyaihus . 
Toxaster 



York. 
Williamson. 



Cook. 
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Plate II. — Speeton Clay {continued). 



Fig. 



Eeferenee, 1829. 



Beference, 1874. 



I In what Collection. 



6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18.1 
19. J 
20.1 
21. J 
22. 
23. 
24. 
25.1 
26. J 
27. 
28. 
29. 
30. 
31. 
32. 
33.1 
34. J 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 



Corbula punctum . . . 

Tellina 

Mya depressa 

Pholadomya decussata 

Nucula ovata 

suhucurva 

Nuevda 

Mya phaseolina 

Lutraria 

Lueina sculpta 

Cucullaa 

Pholas constricta 

Astarte lasvis 



YorL 



Thracia Phillipsii 



Isoeardia angulata 

Pinna gracilis 

Oryphasa sinuata 

Terebratvla ineonstans. Kim. Clay 

subundata 



lineolata 

striatula 

Vermicularia Sowerbii . , 

Serpvla 

Dentalium 

DdpMntda ? 

Rostdlaria ParJcinsoni . . 

Turbo pulcherrimus .... 
Solarium tabulatum .... 
Trochus reticulatus ? .... 

Turritdla? 

Melania ? 

Auricula obsoleta 

Ammonium marginatus . . 

planus 

nucleus 

hystrix 

rotula 

like A, parvus .... 

concinnta 

venustus 

fisfieostatus 

curvinodus 

Tooth of Squalus? 

Tooth of Ichthyosaurus . . 

Tooth of Squalus? 

Vertebra of Ichthyosaurus 
Oyradus minor 



GucuUcsa securis . 



Eocogyra 

Bhynchonella .... 

Terebratula obtusa 



Bhynchonella 

Terebratulina Martiniana 



Ddphintda inconspicua 



Trochus 



Ceriihium Phillipsii 
Avdlana 



Bean. 

York. 

Williamson. 

Bean. 

Preston. 

Williamson. 

York. 

Preston. 
York. 



Bean. 
York. 



Williamson. 
YorL 



Bean. 
York. 

Bean. 

York. 



Bean. 
York. 



Williunson. 
Wilson. 



York. 



I Preston. 

2t2 
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Fig. 



Plate III. — Speeton Clay. 

Reference, 1820. Beferenoe, 1874. 



In what Collection. 



1. 
2. 
3. 



Belemnites jaeulum 

Astacus onuxtus 

Claw of Astacus mueronaUts 



Meyeria . 
Meyaia't 



Aathor. 
Bean. 



Coralline Oolite. 



4. 

6. 

6. 
7. 

8. 
9. 

10. 
11. 

12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23! 
24. 
25. 
2%. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 



Turhinolia dispar 

Caryophyllia cylindrica 

Astrcea iuhulifera 

favosoidss 

Spongia floriceps 

Radical part of Bhodocrinus eehi- 

natus. 
The column with bifid side-arms 
The colamn with the cicatrices of 
side-arms. 

Cidarisjhrigemma 

Muricatod spine of Cidaris flori^ 

gsmma. 
Smooth spine of Cidaris inUrmedia 

Echinus germinans 

Clypeus dimidiatus 

semisulcatus 

emargitiatus 

Pholas recondita 

Modiola indusa 

Astarte extensa 

aliejia 

Cardita similis 

TeUina ampliata 

Astarte ovata 

TrigoneUites antiquatus ! . . 

Corbula curtansata 

Isocardia rhomboidalis 

Area (Emula 

OucuUcea cantracta 

triangularis 

pecUnata 

ehngata ? 

oUanga 

Avicula expansa (lower valjre) . . 

ovalis (lower yalve) 



MontUwdtia . . . 

ThecosmUia 

Stylina 

Isastroea 

Hemicidaris . . . 
Stomechinus . . . 
Echinobrissus . . . 

Pygastcr 

Clypcus subulatus 

Lithodomus 

Opis FhtUipsii . 

Tancredia 

Astarte 

Sowerbya 



York. 



Williamson. 
York. 



Cook. 
York. 
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Platb IV.— Coralline Oolite. 



Fig. 



Beferenoe, 1829. 

(ktna duriuseula .... 
AvieuJa elegantissima . . 
Cardium lobatum .... 

Nueula 

FlMmmolna lanngata . . 
QryphcBa ? mtma .... 

BvSua elotigata 

TurrUeUa muricata 

Natica dncta 

Peeien truBquicostatus . . 
Turbo funiculatua .... 

OrhieiUa radiata 

Terebra nularddides . . 

Turbo muricatus 

SerpvUa squamosa . . . . 
Trochus tornatilis . . . . 
Vermicularia compressa 
Murex Haecanensis 
Ammonites WiUiamsoni 

Axtacus rostratus 

Palatal teeth of a fish 



Beferaioe, 1874. 



In what CollectioD. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 



Quenttedtia 

CtrUhium 

Littorina. . 
Discina .. 
Chemniizia 
Idttorina . . 

TrochoUma 
Olyphaea . . 



Williamson. 
York. 
Bean. 
Williamson. 



Leeds. 
York. 



Bean. 

Williamson. 
Bean. 
Williamson. 

>» 
York. 



Calcareous Grit. 



23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 



Spatangus ovalis 

Clyptfister pentagonalis 

Isoeardia tumida 

Venus 

Aetaon retustu 

Cirrus cingulaius 

Ammonites Solaris (erased 1874) 

Modiola bipartita 

Pholadomya simplex 

Bostellaria bispinosa 

Pinna lanceolata 

Ammonites vertebralis 

Serpula lacerata 

Or^?Mn buUata ? 

DetUalium 



CollyriUs bicordata 

Py gurus 

Isoeardia tenera 

Pleuroiomaria 

Am, plieatis (replacing A. Solaris) 

AJaria 

Oryphcsa dilatata 

Ik^ludlium enkUoideum 



Bean. 
Williamson. 



Bean. 

Williamson. 

York. 

>> 
Williamson. 
York. 

Williamson. 

YorL 

Williamson. 



1. 
2. 
3. 
4. 



Plate V.— Oxford Clay. 



Sanguinolaria undulaia . 

Astarte lurida , 

eariruUa 

NuGula (oast) 



Anatina 

AttarU ungulaia . 



York. 
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Plate V. — Oxford Clay (continued). 



Fig. 


Beferanoe, 1829. 


Beference, 1874. 


In what Colleetion. 


5. 


Nuctda nuda 




York. 


6. 


dliptiea 




Bean. 


7. 


Pinna mitis 




York. 


8. 


Trigonellites politus 






9. 


OucuiUaM concinna 


Bean. 


10. 


Plagiostoma 


Lima argiUatea 




11. 


Pecten 


Peeien dnaulatus 


York. 


12. 


Ostrea 




Williamson. 


13. 


incequalis 


Plaeunopsis 


Bean. 


14. 


RosteOaria trifida 


Alaria 


York. 


15. 


BeUmnites gracilis 






16. 






Beaa. 


17. 


Ammonites 




York. 


18. 


Unknown 


PdUieipes condnnus 


Bean. 


19. 


Ammonites Vemoni 




York. 


20. 


Claw of Astaeus 




Bean. 


21. 


Serpula intestindlis 




Williamson. 


22. 


Tooth of Squalus? 




» 



23. 

24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 



Kelloway B^xjk. 



My a 

Pholadomya ohsoleta 

Amphidesma reeurvum 

Madiola ptdchra 

Cardium dissimiU ? 

Yariety of Modiola cuneata ? . 

Corbis walls 

Astarte 

OueuUcea eoncinna 

Corbis Uevis? 



MyaciUs 

Cardium fallax 



Corbieella 

Cyprina depressiuscula 



CcrbUMa 



York. 



Bean. 
York. 



1. 

2. 

3. 

4. 

5. 

6, 

7. 

8. 

9. 
10. 
11. 
12. 
13. 



Plate VI. — Kelloway Rock, 



Oryphasa dilatcUa, var. /3 . . . . 
PlagiMtoma duplieatum (cast) 

Peeten fibrosus 

Ostrea tmdosa 

Peeten demissus 

Avicula Braamburiensis 

Terebrahda amiikocephala 

sodalis 

Ostrea archetypa 

Turbo suJcostomus 

Lueina lirata 

Cirrus depressTAS 

Eostellaria bispinosa 



Lima 



Bhynckonella 



Pleurotomaria 



York. 
Bean. 



York. 



Author. 

Bean. 

Williamson. 
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Fig. 



Plate VI, — Kelloway Rock (continued). 

Reference, 1829. | Reference, 1874. In what CoIIecMiou. 



14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 



Tro^nu gutiatus { 

Ammonites Calloviengis, juv ; Ghdidmi 

Duncani 

gemmatus 

Infrons divernu 

athUta 

JUaneostatus 

Oowoianvs 

subloevis 

faniferus 

Kctnigi 

lenticularis Chamusseti 



I Williamson. 
York. 

w 

Author. 



Plate VII. — Combrash. 



1. 
2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 



Cidaris vagans 

ClypeuB dunicularis . . . 

orbicularis 

QaUrites depressus 

Mya literata 

Isocardia minima? 

Cardium citrinoideum 

Cdlaria Smithii 

Pholadomya Murchisoni, 
Amphidesma securiforme 

decurtatum 

Unio peregrinus 

Plagiostoma rigidulum . 

interstinctum 

Afeiania vittata 

Terebra graniUata 



Pseudodiadema York. 

Echinohrissus „ 

„ Author. 

HoUctyptLs I York. 

Ooniomya j „ 



I 



Hippoihoa 

Pholadomya Philltpsii 
Myaeites 



Gresslya 
Lima . . 



Chrmnitzia 
Nerincfa . . . 



Williamson. 



Middle Sandstone, Shale, and Coal. 



17. 
18. 

19. 
20. 
21. 



22. 
23. 
24. 
25. 



Sphenopteris ? longifolia .... 

? latifolia 

CycadiUs ienuieatdis 

eomptvs 

tulctcaulis. Detached figures 
of the upper and under 
sides of the hase of the 
leaf. 

peeten 

Unknown leaves 

leaf 

Small vegetahle bodies in groups 



Cyelopteris 

Cyclopteris digitata 
Pterophyllum 



Ctenis falcata 

PUrophyllwn , 
Tastes loans . 



Bean. 



York. 

Dr. Murray. 



Bean. 
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Fig. 



Plate YIII. — Middle Sandstone, Shale, and Coal. 



Beferenoe, 1829. 



Beferenoe, 1874. 



In what Ck>lleetion. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

1). 
10. 
11. 
11 a. 
12. 

13. 
14. 
15. 
IG. 
17. 
18. 



Spike of Lycopodites 

Winged seed 

LyeopocUtes uncifolius 

Asptmiopteris NUssani? 

Scolcpendrium solitarium 

Sphcsnopteris digitata 

Variety of ditto 

Peeapteris paucifolia 

PhyUiies nervuloBus 

Pecopteris ecsspiiosa 

crenifolia 

Magnified seed-vessels 

Pecopteris curtata, with a granu- 
lated sur&ce. 

Neuropieris lohifolia 

Pecopteris ligata 

recentior 

exUis 

Juutata 

A skeletonized fern-branch 



Wdlchia WiUiamsonii 



Walchia WiUiamsonii . . 

PterophyUum 

Tamiopteris vittata 

Sphamopleris WUUamsoni 



Qlossopteris PhUlipsii 
PhUhopteris PhUlipsii 



Phlebopteris . 



Pecopteris 



Pecopteris Whithiensis 



Bean. 

99 

Williamson. 
Bean. 
York. 
Williamson. 

Bean. 



Preston. 

York. 

Williamson. 

York. 

Williamson. 

Bean. 



Plate IX. — Grey Oolite and Millepore Oolite. 



1. 

2. 
3. 
4. 
5. 
(J. 
7. 
8. 
0. 
10. 

11. 

12. 

13. 

14. 

15. 

J«. 

17. 

18. 

19. 

20. 

21.1 

22. J 

23. 

24. 



MilUpora straminea 

Retepora ? 

Smooth spine of Cidaris .... 
Muricated spine of Cidaris . . 
Spine of Cidaris maanma .... 

Lutraria gibbosa ? 

Pholadomya "nana 

Lucina despecta 

Isocardia angtdata ? 

nitida 

Nucula variabilis 

Cytherea dolahra (small specimen) 

PuUastra recondita 

Cardium cognatum 

semiglahrum 

Corbula depressa 

Pinna euneata 

Terebratula spinosa 

CiicuIUjea imperialis 

eylindrica 

Pema quadrata 

Astarte minima 

Cucullcea cancellata 



Spiropora (Cricopora) 
Heterocidaris WicJceiisis , 



Bhahdoddans 

Myacites Scarburgensis 



Astarte 



Unicardium 
Ehynchonella 



Pema rugosa 



York. 



Bean. 



York. 
Bean. 
Phil. 

Williamson. 

York. 
Bean. 
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Fig. 



Plate IX. — Orey Oolite and MiUepore Oolite (continued). 



Beferenoe, 1829. 



Bieferenoe^ 1874. 



In what Collection. 



25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 



Nucula lachryma (obtuse Tariety) 

Oryphaa 

Terebra vetusta 

BosUllaria eomposita 

PJuuianeUa cineta 

NaUca adducta 

Actofm glaber 

Ddphinida? 

Troehiu momUctua 

VemUcularia nodus 

(ktrea sulcifera 

OerviUia acuta 

Pecten abjeetus 

Bdemnites quinquetukatuM 



Ohmnniizia 

AJtaria PhiUiptU 



AUasomna 



HinnUea 



York. 

'^^Uiamson. 
Bean. 



York. 
Bean. 
York. 



4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 



Plate X. — Lower Sandstone, Shale, and Coal. 

Cyeadites latifoUua Otozamites i York 



gramineus 
lanceolatus 



peeiinoides 

Winged seed 

Sphcmopteris lanceolata . 
Peeopteris eurtata .... 
SpTutnopteris stipata . . , 
Neuropteris loevigata . . 
Sphanopteris museoides , 
Thuitea expantus ?...., 
FlabeHaria? viminea,. . 
Equiietum lateraU 



Pteraphyllum 
Araucarites . . 
Dichopteris . . 



SphoBnopUris hymencphyUoides 
DichapUrii 



Selenites Mwrrayana 



Phil. 
York. 



Plate XI. — Inferior Oolite. 



1. 
2. 

3. 
4. 
6. 

6. 

7. 

8. 

9. 

10.1 
11./ 



Caryophyllia eonvexa . . . . 

CidarU 

Mya ealeeiformis 

dUata 

Cardium incerium 

acuiangulum 

striatulu/n 

gtbhendum 

Variety of Modiola aspera ? 

AMarU 



MondivaUia 
Myaeites . . . 



Cyprieardia eordifomUs. 



Modiola fureata 



Bean. 



Whitby. 
Bean. 



2u 
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Kg. 



Plate XI. — Inferior Oolite {contin/ued). 

BeferenoQ, 1829. Beference, 1874. 



In what CoUeodon. 



12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 
22. 
23. 
24. 
2b, 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 



Mya cequata 

Nuculxi aanniformis . . 

hxchryma 

PuUastra oblita 

GerviUia lata , 

Hinge of ditto ........ 

OucuUcBa reticulata . . . . . 

Nucula variabilis . . . . . 

Pecten virgtdiferus 

MytUus cuneaiu8 

Trochus pyramidatus . . . 
TurriteUa quadriviitata . 

Lingula Beardi 

NaUca tumidv2a 

Serpxda deplexa 

Trochus hisertus 

TurriteUa dngenda . . . 

Mouth of ditto 

Solarium ealix 

Turbo Uevigatus 

Nerita eostata 

Auricula Sedyvici 

Actason humeralis 

Natica adducta 

Ghutroehama tortuosa . . . 
Vermicularia compressa . 

Triyonia striata 

Cardita similis 

Isoeardia concentrica . . . 

Astarte eleyans 

Unio dbductus 

Cucull^jea elonyata 

canceUata 



Myadtes . . . . 
Tancredia . . 
Leda anylica 
Quenstedtia . . 



Cerithium 



Nerinasa 

ji 

Troehotoma 

Neritopsis pseudocostata , 
Actaxm 



OervtUia . 



Opis 

Ceromya Bajodana 



Bean. 



York. 
Bean. 
Bipley. 
Bean. 

n 

York. 

Bean. 

York. 

Williamson. 

York. 



Bean. 
York. 
Bean. 

York. 



Oresslya 

Macrodon Hirsonensis 



Bean. 



2. 



3. 

4. 
5. 
6. 



Plate XII. — Upper Lias Shale. 



Basal and posterior view of the 
cranium of a small Croco- 
dile. 

Lateral view of the head of Sau 
rian animal: a vertical 
aperture on the head ? 

Corbis uniformis, 

Nucula ovum 

Amphidesma donaeiforme .... 
rotundatum 

Cardivm (cast) 



Leda . . 
Myadtes 



York. 



Author. 



EXPLANATION OP THE PLATES. 



331 



Plate XII. — Upper Lias Shale (contimtied). 



Fig. 


Reference, 1829. 


Beferenoe, 1874. 


In what Collection. 


8. 


Nueula complanata (cast) 

Sanguinolaria eUgans 

(Canularia quadrisidcata, from 
Coalbrook Dale, though said 
to be from Whitby.) 

AetcBon 


Leda 


Author. 


9. 


Myacites 


York. 


10. 
11. 


laria. 


Author. 
York. 


12. 


BosUUaria ? 






13. 


Plagiostoma pectino'tdeum (a small 

specimen). 
Variety of Inoceramus dubiva . . 
Ammonites crassus (variety with 

tubercles). 
Nautilus astacovdes, Tonng and 

Bird (N, lineatus?, Min. 

Conch.). 
Ammonites halteatus 


Zdma 




14. 




Author. 


16. 




York. 


16. 






17. 




Whitby. 


18. 


Nautilus annularis 




19. 


Ammonites heterogeneus 

BeUmnites tubulaiis, in three por- 
tions (compressed at each 
end). 
eompressus 






20. 




York. 


21. 






22. 


Ammonites crenuhris 




» 



Plate XIII. — Upper lias Shale. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 



Ammonites vittatus . . 
heterophyllus . . . 
subcarinatu^s . . 

gigmifer 

Conyheari ?, jun. 
Lythensis . . . . . 

eaxiraius 

Hawskerensis . . . 



arcigerens 

ovatus 

maeulattu 
degans ? . . 
erugatus . . 



Ammonites spinatus 
Ammonites opalinus 



York. 



Author. 
York. 



Bipley. 
York. 



Bean. 



Marlstone and Ironstone Series. 



14. 
15. 
16. 



Cardium truncatum . 
Pholadomya obliquata 
PUllastra antiqua . . . 



Cardinia. 



York. 

99 

Bean. 

2u2 
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Plate XIII. — ^Marlstone and Ironstone Series (continued). 

Fig. Beferenoe, 1829. Beferenoe, 1874. In what Colleetion. 



17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 



Spine of Cidaris 

Turbo undvlaius 

Ammonites anguliferuB 

Ophiura MiUeri 

Oardium muUieottatum 
Terehratula tripUeaia . . 

resupinata 

Mdms 

acuta 



Pleurotomaria , 
Ophioderma 
BhynehoneUa . 
Bhynchondla . 



Williamson. 

Bean. 

York. 

Bean. 
York. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 



Plate XIV. — ^Marlstone Series. 



Sanguinolaria veiusta . . . 

Modiola scalprum , 

Avioula eygnipes 

incBquivcuvia 

Peetm sublogvis 

Ammonites Clevelandicus 

Oryphaa depressa 

Dentalium giganteum ... 



Avieula novem-costas . 
Avieula margaritatus . 



Bean. 
York. 






Lower Lias Shale. 



9.' 
10. 
11. 

12. 
13. 
14. 
16. 
16. 
17. 
18. 



Ammonites geometrieus 

Natica 

(Trigonia literata remoyed to PL 

Cwrhula eardioides 

Ammonites Bueklandi^ jun 

Tumeric 

Plieatula spinosa 

Serpula eapitata 

Pinna foUum 

PlagiostOTna 



T. LingonensiSi replacing T» UU~ 

rata, 
Unicardium 



Lima 



Bipley. 

York. 

Williamson. 

Bean. 
York. 
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Bean. 
York. 
Bean. 



Plate XV.— Section of the Oliflfe in the Southern Part of 

Holdemess. 

These clifb are composed of drifted days, sands, and gravels, with several freshwater deposits 
at different lerels. A shell-bed occurs at the foot of Dimlington Height. 
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Plate XVI.— Section of the Cliffs in the Northern Part of 

Holdemess. 

These cliffo have the same general characters as those already noticed, the low-leTcl freshwater 
deposits at Hornsea and Skipsea, and others at a higher level south and north of Bridlington, 
bang very remarkable. Immediately north of Bridlington Harbour the shell-beds, formerly 
known as " Crag," occur. 

Plate XVII. — Section of the Cliffs between Bridlington 

and Filey. 

The part of this Plate which contains the Bed Chalk and Speeton day is reengraved, to 
agree with the modem views of these deposits. 

Plate XVJII. — Section of the Cliffs firom Filey to Haibum 

Wyke. 

This Plate is for the most part redrawn and reengraved, to exhibit more exactly the sub- 
divisions of the oolitic beds between the Combrash and the^ Lias, with the triple series of shales, 
sandstones, and ironstones, which are included. 



Plate XIX.— Section of the Cliffs from Haibum Wyke to 

Sandsend. 

This Plate has been in part reengraved, to represent more correctly the general succession of 
beds in Stainton-dale Clif^ and some other points of lesser importance. 



Plate XX. — Section of the Lias Clifb between Sandsend and 

Saltbum. 

No material alterations have been made in the lines of this Plate. 



Plate XXI. — Section of the Coast between Saltbum and 

Eedcar. 

The beds of Lower lias have been introduced at Bedcar, which were omitted in preyious 
editions, as being below the high-water line. 
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Plate XXII. — ^Enlarged Sections. 

These remaiD as they were ; but fresh drawings of several appear in the text. 

Plate XXIII. — Enlarged Sections. 

These are left as they were formerly given ; but more complete vertical sections of the Lias 
are given in the tezt^ and more exact longitudinal sections across the Vale of York. 



Plate XXIV.- 



Fig. 



1. Male organ, verticillate bracts (invdu- 

crum), seen basally. 

2. Male organ, verticillate bractSi seen late- 

rally. 

3. Female organ, a verticil of firuit-bearing 

bracts (" carpellary disk "), seen ba- 



Williamsonia (Zamia) gigas 

Fig. 



sally, h represents the coalesced bases 
of the verMcil of bracts, c their firee 
portion. 

4. Male organ, seen laterally. 

5. „ the bracts expanded, seen 
basally. 



Note. — See pages 224 k 225. The letter a refers to the vascular axis or stem ; &, the bracts ; 

c, a layer of elongated cells or cavities. 



Plate XXV. — BelemnitidaB of the White Chalk, Red Chalk, Eimmeridge 

Clay, and Coralline Oolite. 



1. BelemniteUa mucronata .... W. C. 

2. granulata „ 

3. Idsteri R.C. 

4. minimus R. C. Neoo. 

5. variety „ „ 

6. attenuata „ „ 

7. BeUmnites jaculum, showing the limited 

groove (thus resembling BelemniteUa) 
and the decaying laminsB about the 
apex of the phragmocone, by which the 
form of '* actinocamax " of Miller is 
produced in this species and in the 
BelemniteUcB of the Lower Chalk and 
Upper Greensand. 

8. Belemnites lateralis, showing the outlines 



at different stages of growth. The 
innermost outlino corresponds to what 
has been called B. semisidcattiSy &c. of 
Brongniart. 

8 a. The cross section at the alveolar apex. 

9. Belemnites JticUlii, a long Bdemnite from 
Speeton, in the possession of Mr. Lee. 
It agrees nearly with a species found 
in the Eimmeridge Clay near Oxford. 
G. A. The cross section is somewhat 
oval. This species is included in Mr. 
Judd's list under the name of B.late- 
rdlis, Phill. 
10. Belemnites abhretdattis. Cor. Ool. 



Plate XXVI. 



1. Belemnites Owenii, 



2. 


toma(t{tt. 


3.1 




4. . 


htutatus. 


5. 




6. 


anomalus. 


7. 


qidnqiuitilcalus. 



• Belemnites quinquestUcatus. 



Aalensis. 
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Plate XXVII. 



1. Beleninites latisulaitus 14 | 

2. dorsalis 24 i 

3. striolaius 25 ' 

5.'} '^"^ {Tq i 

6. suhtenuis 27 ' 

7. 9uhaduncat\i8 29 i 



8. BeUmnites tripartitus 28 

9. Voltzia compressa 43 

10. inoniatus 4^ 

11. mdf/aris 41 

12. Milhri 11) 

13. Bucl'ffimfl Ls 



Plate XXVIII. 



1. Belemnites acutus 1 

2. penicillatus 2 

3. dens 6 

5. > elaviformis 7 

6. J 

7. scabrosus 51 

8. eUgans 50 



9. BeUmniUs polJux 20 

10. acuminatus 21 

19 I hreviformis 1 

13.* rudis 42 

14. cyVmdrictis 52 

15. tubularis 30 



INDEX. 



Abbet Cliff, 148. 

Aberford, 7. 

Acklam, 35, 40-42. 

Acorns in peat, 64. 

Actinozoa, 235, 

Action of Water, See Water. 

Agates, 124. 

Agricola, allusion to, 171. 

Agricnltore in the Moors, 39. 

, lime used in, 21, 183. 

Aire river, 1, 8. 

Alders in peat, 64. 

Alderson, Dr., reference to, 80. 

Algs, 195. 

Alluvium, 50, 62-66. 

Alum and alum-shale, 140, 151, 174, 185. 

Aluminous earth, 144. 

shale, 161. 

Alum-works, 28, 145, 149, 151, 161, 181. 

Ammonites, 265. 

Ammonitidse, 263. 

Ampleforth, 40, 41. 

Analyses of ironstones, 178-181. 

of rock-salt, 189. 

Anatinidse, 254. 

Anglian races, tumuli of, 39. 

Animal remains, 8, 11-19, 234-273. 

Annellida, 240. 

Aphanite, 165, 167. 

Appendix, 281. 

Arcadse, 248. 



Arctic climate, 167. 

Sea, animal remains on shores of, 19. 

, species now living in, the same as 

those in Bridlington deposit, 277. 
Armstrong, Mr., reference to, 186. 
Arran, island of, 191. 
Artesian borings, 280. 
Asteroidea, 237. 

Atlantic Ocean, bed of, &c., 53, 172. 
Atwick, 80, 168. 
Aubume, 82. 

"Avicula" beds, 157, 174. 
Aviculidse, 246. 
Avon river, 22. 
Axe Edge, 9. 
Ayton, 44, 183, 235. 

Backhoitsb, 72. 
Bacon Hole, 48. 
Baines's 'Yorkshire Library,' reference to, 

281. 
Balls, calcareous, &c., 107, 125, 150, 157, 

159, 176. 
Barmston drain, 81. 

water, 82. 

Barnard Castle, 10. 
Bamsley, 3. 
Barton, 23. 

Barytine on surfaces of fossUs, 186. 
Basaltic dyke, 39, 183, 190-192. 
Bath, 27-36, 109, 110, 118, 138. 

2x 
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INDEX. 



Bath ooHtes, 29-38, 109, 118, 128, 176, 183, 

190. See Oolites. 
Baths of Filey, 106. 
Baulby, 158, 160, 161. 
Bay Town, 28, 141, 142. 
Beachy Head, 47. 
Bean, Mr., references to, 85-87, 126, 193, 

194, 321. 
Bear, fossil, 8, 11, 273. 
Beaver, fossil, 18. 
Beckfoot, 182. 
Belemnitidse, 261, 262. 
Bell, Mr., reference to, 179, 181. 
Behnont, 161, 178. 
Berkshire, 42. 

Bermuda, coralline aggregates of, 44. 
Berwick-on-Tees, 192. 
Beswick, 55. 
Beverley, 50, 65, 64. 
Bielbecks deposits, 12, 168. 
Bilboroogh, 22. 

Bilsdale, 25-28, 39, 45, 174, 181. 
Birches in peat, 64. 
Bird, Mr., reference to, 175. 
Birds, fossil, 161, 273. 
Birdsall, 132. 
Bishop Wilton, 27, 51. 
Bison, fossil, 14. 
Bitumen of Derbyshire, 153. 
Black Hambleton, 40. 
Blake, Mr., references to, 23, 273. 
Blakehoe Topping, 40. 
Bland's CHff, 124. 
Block-house Mill, 65, 66. 
Blocks, erratic, 8-10, 125, 134, 136, 166, 

167. 
" Bloomeries,** 174. 
Blue Wick, 33, 137-142, 147. 
Bolom, 190. 

Bolckow and Yaughan, reference to, 186. 
BolsoTcr stone, 21. 
Boltby, 34, 182. 



Bones of mammals, &c., 8-19, 48, 57-64, 72, 

74, 83, 84. 
Books on Yorkshire, list of, 281. 
Borings, artesian, 280. 
at York, 6, 7; at Bielbeck, 12-15; at 

Block-house Mill, 65 ; at Eissingen, 187 ; 

in Yale of Pickering, 280. 

, best places for, 7. 

for coal, 6, 184. 

for rock-salt, 186-189. 

in Bunter sandstone, 22. 

in gypsum, 186. 

in the Chalk, 51, 84. 

should be undertaken by counties, 7. 

Boroughbridge, 11, 22. 
Boulby, 28, 139, 140, 172, 186. 
Boulder-day of Holdemessj &c., 12, 68, 162- 

166. 

of the coast, 69-88. 

Boulders of the Chalk, &c., 15. 
Boundaries of county, 1. 
Brachiopoda, 242, 274. 
Bradford, 59. 

Clay, 29. 

Brady, Mr., reference to, 234. 
Brandesburton, 61, 168. 
Brandsby, 28, 31-38, 183. 

stone, 31. 

Bransdale, 27, 39. 

Brantingham, 51. 

Bricks, 183. 

Bridlington, 3, 12, 50-104, 274. 

Pier, 89. 

Quay, 84, 86, 173. 

"Bridlington Crag," 86, 87, 163. 

Brimham, 4. 

British races, ancient, tumuli of, 39, 56. 

Broadsworth stone, 21. * 

Broadway, 24. 

Brongniart, M., reference to, 143. 

Brough Perry, 27, 35. 

Bucoinidse, 261. 
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Buckland, Dr., references to, 46, 16S. 

Bugthorpo, 27. 

Building-materials, 183. 

Building-stones, 21, 122, 173, 182. 

Bullidse, 260. 

Bunbuiy, Sir C, reference to, 193. 

Bunker's HiU, 75. 

Bunter sandstone, 19-22, 188. 

Burial-places, ancient, 130. 

Burton- Agnes, 50, 55. 

Burton Head, 9, 24-27. 

Bushel's fort, 125. 

Butterley, 153. 

Caistob, 49. 

Calcareous and non-calcareous beds of Moor- 
land District, 35, 36. 

grit, 41, 45, 105, 125-138, 176, 

182. 

rocks, 1. 

Calne, 44. 

Cambridge, 42, 98, 321. 

University Museum, reference to speci- 
mens in, 321. 

Camps of the Bomans, 39. 

Canal-cuttings near Swindon, 102. 

Carbonaceous sandstone, 36, 137. 

, Upper, series, 133. 

Carbonate of lime, absence of, in Calcareous 
Grit, 45. 

Carboniferous strata, 1-7. 

— system, irr^^ar ramification of, in Bri- 
tain, 4. 

CardiidsB, 251. 

Carlton Bank, 25, 27. 

Camelian Bay, 121. 

Carpenter, Dr., reference to, 53. 

Carrock FeU, 11, 69. 

Pike, 9, 10. 

Carruthers, Mr., reference to, 194. 

Castle Garth, 124. 
Hill, 124. 



Castle Howard, 31, 32, 41, 46, 132, 182. 
Cave, 34, 37, 40, 41, 49, 103, 128, 183. 

of Kirkdale, 18, 48. 

Caves on the sea-shore, 93. 

, probable origin of, 45. 

Cayton, 118. 

Bay, 35, 119, 129. 

MiU, 117, 119. 

Cephalopoda, 261. 
Cerithiadae, 257, 258. 
Chalk at Bridlington, 84. 

, boring to the, 84. 

in Yorkshire strata, 1-6, 19, 40, 171, 



182. 



of the coast, 89-99. 

of Vale of Pickering, 46-49, 

of Yorkshire Wolds, 50-54, 66, 67, 61, 

62. 

, organic remains in, 193. 

, unconformity of, 61. 

Chalk-boulders, 15. 

Chalk-marl, 51. 

Chalk-rubble, 90-96. 

Chamois (?) cranium, 65. 

Change of level of sea and land, 167, 172. 

of nomenclature of fossils, 321. 

Charlesworth, Mr., reference to, 236. 

Cheltenham, 37. 

Chemical agency of water, 46. 

Cheshire, 4, 10, 187. 

Cheviot, 9. 

Cirripedia, 240. 

Clavellatae, 250. 

Clays in Yorkshire strata, 2, 162-172, 175, 

183-185, 193. 

of Holdemess, 65-66. 

of Moorland District, 24-39. 

of Tabular Hills, 40-46. 

of Thames Valley, 19. 

of the Chalk Wolds, 50-54. 

of Vale of Pickering, 46-49. 

of Vale of York, 8-22, 
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Clays near Bridlington Harbour, 85. 

of the coast, 67-132. 

of diluvium, 162. 

aoeve, 24. * 

Cleveland, 3, 24, 25, 38, 141, 175-177, 181- 

184, 192. 

Dyke, 186. 

Hills, 28, 33, 34, 161, 174, 189. 

ironstone, 38. 

Cliff, 23. 

near Marine Hotel, Hornsea, 78. 

ClifGs between Cloughton and Haibum Wyke, 

136. 

from Filey to Scarborough, 105. 

near the Spaw, 123, 124. 

north of Scarborough, 133-161. 

on Yorkshire coast, 67. 

opposite Vale of Pickering, 97. 

Clifton Eigg, 191. 

Climate, ancient, 18, 162, 166, 167, 172. 

Clitheroe, 168. 

aoughton, 110, 138, 144, 183. 

Wyke, 34r-36, 121, 133-136. 

Coal, 1-7, 37, 114, 116, 136, 153, 184, 191. 
, sinking for, at York, Middlesborough, 

&c., 6, 7. 
Coal-fields, 2-5, 39, 175. 

, separation of, at surface, 5. 

Coal-measures, 4, 21. 

, difficulty of reaching them, 184. 

Coal-plants, 60. 

Coal-shales, nodules on leaves in, 45. 

Coast of Yorkshire, 22, 67, 85. 

from BridHngton to Filey, 89-104. 

from Filey to Scarborough,105-132, 

Coatham, 186. 
Cockfield FeU, 190, 191. 
Colbom, 158, 160, 161. 

Nab, 157, 158. 

Coldmoor, 33. 
Collieries, 173. 
Collyweston, 36, 38. 



Commondale, 183. 

Composition of Magnesian limestone, 21. 

of basalt of the dyke, 191. 

Conchifera, 274. 

Conifer©, 228-231. 

Connexion of coal-measures of Northumber- 
land, Durham, &c., 4. 

Contemporaneity of origin of Pleistocene de- 
posits, 11. 

Cook, Mr., reference to, 321. 

Cookson, Dr., references to, 138, 151 . 

Coral Bag, 130. 

Reef, 44, 235. 

Coralline oolite, 41-44, 54, 97, 105-139, 183, 
235. Su Oolites. 

Corals, 44, 60, 235. 

Combrash, 29, 30-32, 36, 41, 108-112, 117, 
123-128, 133, 175, 195. 

Costatae, 250. 

Cottingham, 50, 55, 66. 

Cowthorp, 81. 

Cowton, Gfreat, 75. 

Coxwold, 34, 35, 42, 52, 183. 

Crag, 1, 3, 56, 70, 85-87, 101. 

Crambe, 35. 

Beck, 31. 

Cretaceous series, 54. 

Criffel, 9, 10. 

Crinoidea, 236. 

Croft, 188, 189. 

Cromer, 164. 

Cropthome, 19. 

Cross Fell, 9. 

Crustacea, 240. 

CuUen, Mr. P., references to, 113, 137, 
194. 

Cumberland, 10, 18, 58-61, 69, 124, 165. 

Cycadace®, 220-228. 

Cyprinidse, 252. 

Daub, 24-39. 

Danby Beacon, 24, 136. 
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Danes' Dike, 89-93, 235. 

Darlington, 10. 

Daubree, M., reference to, 186. 

Davidson, Mr., reference to, 194. 

Dawkins, Mr., references to, 168, 169, 194. 

De Zigno, M., reference to, 194. 

D^ris of coast, 68. 

Decapoda Macmra, 241. 

Declination of Chalk, 66, 93 ; of Lias, 27, 141. 

Deer, fossU, 11, 14, 18, 68, 63, 64, 74, 84. 

Deighton, North, 81. 

Dentaliidse, 260. 

Derbyshire, 2, 4, 6, 153. 

Derwent river, 25-27, 32, 40, 44-47, 117. 

Diagram of physical geography of Yorkshire, 2. 
See Map. 

Dikes, Mr. W. H., references to, 12, 49. 

Dilnvinm or Drift, 1, 109, 117, 149, 162-172, 
280. 

of Holdemess, 50, 55-66, 74, 183. 

of the cliflfe, 121-126. 

of the coast, 67-104. 

of Vale of Pickering, 46-49. 

of Vale of York, 8-19, 183. 

Dimlington, 60, 70, 172. 

Cliff, 100. 

Height, 70. 

Dimyaria, 248. 

Dip. See Declination. 

Dislocations. See Faults. 

"Doiier,'' 27-38, 138-161, 175, 181-184, 
194. See Oolite. 

Dolomitic limestone. See Magnesian lime- 
stone. 

Doncaster, 11, 21, 22. 

Dorsetshire, 53, 128. 

Dover Cliflfe, 47. 

, Straits of, 172. 

Driffield, 50, 55. 

Drift. See Diluvium. 

Droitwich salt springs, 187. 

Dromanby Bank, 24. 



Dublin Museum, reference to specimens in, 

81. 
Duck, fossil, 14, 16. 
Dun river, 1, 8. 
Duncan, Dr., reference to, 194. 
Duncombe Park, 182. 
Dunn, Mr., reference to, 126. 
Dunsley, 149. 

Bay, 150. 

" Dunum Sinus," 150. 

Durham, 4-10, 21, 22, 39, 58, 175, 184, 190, 

191. 
and Yorkshire coal-fields, separation of, 

at surface, 5. 
Dyke of basaltic rock, 39. 

Eabl's Dike, 82. 
Easington, 69. 

Heights, 24. 

Easingwold, 6, 10, 27, 28. 

East Newton, 74. 

Easterside, 40. 

Ebberston, 47, 52. 

Echinodermata, 236. 

Echinoidea, 238. 

Economic geology, 173. 

Eden river, 166. 

Egerton, Sir P., references to, 193, 194, 271. 

Egton, 190, 191. 

Bridge, 192. 

Moors, 25. 

Elephant, fossil, 14-19, 74, 80. 

Elk, fossU, 81, 84. 

EUerker, 35, 183. 

Elloughton, 35, 49, 103. 

Ely, 42. 

England, oolitic period of, 38 ; oolitic forami- 

nifera of, 278. 
, south of, references to strata of, 25, 29, 

37, 43, 126, 127, 130, 141, 163, 193. 
EnniskOlen, Earl of, references to, 193, 194, 

271. 
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Equisetaces, 197. 

Escarpments, 24, 40, 141. 

Esk river, 24, 26, 28, 149, 167, 173, 191. 

Eskdale, 10, 26, 28, 39, 141, 167, 174, 181, 

182, 192. 
Eaton, 161, 176, 185. 

Nab, 24, 28, 167, 176-178. 

Etheridge, Mr. K., reference to, 194. 

, note by, on the Map, 321. 

Europe, north of, transported agates from, 124. 
Everthorpe, 36. 

Ewe Nab, 29, 30, 118-121, 128, 129. 
Excavations at Bielbeok, 12, 13 ; near Ridge- 

mont, 61. 

for pre-Roman burial, 130. 

of valleys by streams, 91. 

Falliko Fobce, 33. 

Faringdon, 100. 

Famdale, 26, 27, 34, 39, 46, 181. 

Famley stone, 21. 

Faults, or Dislocations, in the Peak, 39. 

at Ewe Nab, 119-121. 

at Haibum Wyke, 136, 190. 

at Kilbum, 42. 

at Red Cliff, 118. 



at Sandsend, 160. 

at Scarborough, 124, 126. 

at Staithes, 168-160. 

in Vale of Pickering, 47. 

near basaltic dyke, 190. 

near Whitby Harbour, 149. 

on the coast, 128, 140. 

Felis, 18. 

Feliskirk, 34. 

Ferns, fossil, 36, 218. 

Ferrybridge, 22. 

Filey, 40, 46-48, 68, 89-132, 173, 174, 280. 

Bay, 103, 104. 

Brig, 104-108. 

Cliffs, 108. 

Promontory, 106, 108. 



Filey Spa, 108. 

Filices and allied plants, 198-218. 

Firs in peat, 64. 

Fishes, fossil, 21, 271. 

Fis8urellid«B, 260. 

Flagstone, 173, 182. 

Flamborough, 10, 61, 67, 90-92, 171, 183. 

Head, 9, 47, 60, 96, 104, 166, 172. 

Flint, 183. 

Floods, ancient, 17, 66, 172. 
Folkestone Gault, 100. 
Foraminifera, 234, 278. 
Forest-marble, 29, 38. 
Forests, ancient, 171. 

, subterranean, 67. 

Forge valley, 44. 

Fort at Scarborough, 126. 

Fossils, barytine on surfEUies of, 186. 

, change in nomenclature of, 321. 

in Vale of York, 8, 11. 

of diluvium, 162-170. 

— ^ of Moorland District, 34. 

of Speeton and Enapton days, 48, 97. 

of the Chalk, 96. 

of the cliffs, 141-161. 

of the coast, 72, 89-132. 

of White Nab, 122. 

, plants and animals, 193-^280. 

Foster, Mr., excavations by, 13. 
Freestone, 36, 182, 192. 
Freshwater deposits of Torkshire, 1, 76. 
Frocester, 31. 

Fructification of fossil ferns, 218. 
Fruits, fossil, 84. 
Fuller's earth, 29, 38. 

Furnaces in Rosedale, &c., 38, 182, 174, 
176. 

" Galliakd," 69. 
Galloway, 10. 
Ganister grit, 83. 
Garforth, 7, 21. 



INDEX. 



348 



Garrabj, 27, 50. 

— Beacon, 94. 
Gasteropoda, 257, 275. 
Gastroohfldnidffi, 256. 
Gault of Cambridge, 98. 
of Folkestone, 100. 

of Kent and Sussex, 49, 97, 98. 

Geological Survey of Britain, references to, 25, 

187, 321. 
Geology, economic, 173. 

in connexion with sinking for coal, 6. 

, indifference to discoveries in, 175. 

of Yorkshire, list of books, &c on, 281. 

German Ocean, 1, 55, 117, 171, 172. 

, pre-glacial connexion of, with 

Pickering Vale, 117. 

Germany, salt rocks and springs in, 187. 

Gilling, 40, 41. 

Glabrae, 251. 

Glacial drift, 1, 8, 56, 58. 

periods, 12, 163. 

floods, 56. 

Glaciers, 166, 167, 172. 

Glaicedale, 181. 

Gloucestershire, 24, 33. 

Glutton, the, 18. 

Goadland Dale, 33. 

Goole, boring near, 6. 

Ghranite pebbles in diluvium, 165. 

Grasmere, 11. 

Grauwacke, 73. 

Gravel-deposit in boulder-clay, 71. 

Gravels, existing and fossil species in, 19. 

in Holdemess, 60, 183. 

of diluvium, 162-172. 

of the dife, 124. 

of the coast, 67-104. 

of Vale of York, 1, 8, 183. 

, post-glacial, of Thames valley, &c., 19. 

, shells in, 19, 60-62. 

Gray, Mr., reference to, 273. 
Great Ayton, 44. 



Great Cowton, 75. 

Great GoUte, 29, 151, 153. 8ee GoHtes. 

Greensand, Upper and Lower, 54. 

, Lower, equivalent of, in Speeton clay, 

100. 
Grey Limestone, 111, 135, 183, 184. 
Grimston, North, 49. 

Garth, 74. 

Gristhorp, 29, 30, 35, 40, 41, 44, 112, 116, 

121, 125, 132-134, 144. 

Bay, 36, 37, 112, 113, 118, 121, 129. 

Cliff, 106-110, 116, 117, 128. 

Grit. See Calcareous Grit 

Gromont, 6. 

Ghrosmont Bridge, 34, 157, 174. 

, early iron-mine near, 174. 

Guisborough, 7, 27, 185. 

Prioiy, 182. 

Gypseous marls, 22. 
Gypsum, 13, 186, 187. 

HAcmrass, 44, 127, 175, 182, 235. 
Haibum, 35, 36, 134-138, 144, 183, 190. 

Wyke, 36, 134-138, 190. 

Haliotidsd, 259. 
Hambleton, 27, 36, 40, 41. 

, Black, 40. 

End, 24, 25. 

Hills, 4, 30, 34, 44, 132, 181. 

Hambletons, the, 11. 

Harcourt, Rev. L. V., reference to, 192. 

, Rev. W. v., reference to, 12. 

. See Vernon. 

Harland, Mr., reference to, 280. 
Hart, Mr., reference to, 81. 
Harwooddale, 39. 
Hatfield, 171. 

Chace, 65. 

Hawsker, 140-142, 183. 
Hazels in peat, 64, 72. 
Heddington, 44. 
Hedon, 61. 
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Heights above the sea, list of, 273. 

of diffis on Yorkshire coast, 67. 

near Haiburn Wyke, 136. 

near Scalby Beck, 133. 

of hills in Moorland District, 24. 

of Tabular Oolitic Hills, 40. 



Helmsley, 41, 49, 103, 126, 126, 130, 176. 

Helyellyn, 10. 

Hessle, 12, 17, 60, 66-60, 66, 163, 168, 

183. 
High Peak, 26-28, 33, 34, 136. 

Pike, 11. 

Whitby, 34, 141-144. See Whitby. 

Highgate retinasphalt, 163. 
Hills of Moorland District, 24-39. 

, Tabular Oolitic, 40-46. 

Hilston, 74. 

Hinton sandstone, 29. 

Hippopotamus, fossil, 8, 18. 

Holdemess, 2, 3, 11, 12, 60, 66-69, 76-84, 

89, 104, 162, 163, 168-172, 183, 184, 
Holme, 13. 

Moss, 9. 

Holostomata, 267. 

Holympton, 71, 72. 

Hood Hill, 36. 

Hornsea, 64, 76-80, 163, 174. 

Bridge Station, 79. 

Gap, 76, 76, 78. 

Mere, 76. 

Hone, fossil, 11, 14, 16, 68. 

Hotham, 13. 

Hovingham, 12, 132. 

Howardian Hills, 2. 

Howsham, 23, 27, 34. 

Huddlestone, stone of, 21. 

Huggate, 61. 

Hull, 64, 66, 80. 

Humber river, 9, 13, 27, 35, 38, 42, 60, 66, 

62-74, 128, 162. 
Hunmanby, 94, 103. 
Hunsley Beacon, 60. 



Hunstanton, 100. 

limestone, 96. 

Huntdiff, 24, 28, 33, 34, 160, 161, 176. 
Huntingdonshire, 42. 
Hutton Ambo, 131, 132. 
Hyasnas, fossil, 16, 18. 

IcB, action of, 8, 62, 172. 

Ichthyosaurian remains, 161. 

IncertsB sedis, 232. 

Inferior Oolite. See Bath Oolites. 

Ingleborough, 1, 9. 

Ingleton, 3. 

Insects, fossil, 16. 

Ireland, Cervus megaceros in, 81. 

, peat-bogs of, 84. 

Irish elk, 81. 
Iron-pyrites, 97, 192. 
Ironstone at Bridlington, 83. 

at Hornsea, 77-80. 

in Vale of York, 20. 

in Yorkshire strata generally, 2, 3, 17i^ 

182, 186. 

of basaltic dyke, 192. 

of cliflb north of Scarborough, 133-161 . 

of cliffs opposite Vale of Pickering, 97. 

of Ewe Nab, 119. 

of Gristhorpe, 111-116. 

of Kelloway rock, 127. 

of Moorland District, 25, 26, 30-38. 

of White Nab, 122. 

of the Eske, 167. 

Ironstone-bands, 38. 
Ironstone-mines, 173-182. 
Ironworks, 163, 174. 
Isle of Man, 81. 
" Isles of Holdemess," 64. 

Jameson, Professor, reference to, 81. 
Jeffireys, Mr. Gwyn, references to, 194, 277. 
Jet, 160, 186. 
Jet-rock, 146. 
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Joints in oolite^ 130. 

Jones, Professor T. R., reference to, 234. 

, , on Oolitic Foraminifera of Eng- 
land, 279. 

Jndd, Mr., references to, 41, 49, 98-100, 113, 
250. 

Kellowat bock, 29-31, 36, 41-44, 108-112, 

117, 118, 123-128, 182. 
Kent, 49, 96, 98. 
Kettieness, 141, 161-157, 160, 174, 175, 185. 

alum-works, 151. 

Eetton, 36. 

Eenper strata, 19-23. 

Eeyingham, 61, 74. 

Eilbum, 42. 

Eildale, 179. 

Kilnsea, 12, 68, 69, 81. 

Eimmeridge Clay, 4, 41, 48, 51-54, 97-103, 

126, 193. 
Einderscoat, 9. 
" Eing," the, 92. 
Eippax, 2. 
Eirby Moorside, 49, 125, 126. 

Stephen, 11, 69. 

Eirk Leavington, 6, 187, 188. 
Eirkby Misperton, 103. 

Underdale, 34. 

Eirkdale, 41, 45, 130, 171, 192. 

Cave, 18, 48, 129, 168-171. 

Eirkham, 31-38, 182. 
Eissingen, boring at, 187. 
Enapton, 49, 53, 97. 
Enaresborough, 3, 21. 
Enottingley, 22. 
Eonig, Mr., reference to, 143. 

liACUSTBDrs deposits of Yale of York, 11-19. 

of Yale of Pickering, 46. 

of Holdemess, &c., 56-66, 162- 

172, 183, 195, 273. 
of the coast, 71-84. 



Lake, Pickering Yale formerly a, 46. 

Lake-district, blocks from, 8, 10. 

Lakes, ancient, 46, 62. 

Lammermuir, " granwacke" of the, 73. 

Lancashire, 4, 5, 10, 184. 

and Yorkshire coal-field, separation of, at 

surface, 5. 
Lancaster, 10. 

Land, effect of a depression of the, 8. 
Langbargh, 190-192. 
Langton Wolds, 40, 46. 
Lastingham, 40, 132. 
Lead-mines, 173. 
Leckenby, Mr., references to, 113, 137, 193, 

194, 235, 321. 
Lee, Mr., references to, 41, 49, 113, 138, 151/ 

235, 321. 
Leeds, 3, 7, 59, 168. 
Leppington, 27, 35. 

Level of land and sea, change of, 167, 172. 
Lias, boulders of the, 6. 

divided by basaltic dyke, 191. 

, fossils of, 193. 

in Yale of York, 8, 20-22. 

in Yorkshire strata, 1-7, 176, 184. 

, iron-ores of the, 175, 178. 

, Lower, boring in, 6. 

of Moorland District, 24-39. 

of the cliffs, 139-161. 

Life, ancient, great scale of, 1. 

Lilhouse Cross, 25. 

Lime from Chalk and Oolite, 129, 183. 

from Magnesian limestone, 21. 

, use of, on the Moors, 39. 

Limestone-pebbles at Spurn Point, ^., 69, 

73. 
Limestones, economic use of, 21, 183, 184. 

of Moorland District, 26-39. 

of Yale of York, 9-23. 

of Yorkshire strata, 1-6, 64, 167, 173, 

188. 
, Pennine, 10. 
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limestonee at Boche Abbey, 64. 

in boulder-day, &c,, 69-61. 

of the diflfe, 105-161. 

LmcolnBhire, 2, 27-41, 49, 66, 68, 128, 140, 

178. 
Lister, reference to, 94, 96. 
littlebeck, 190. 
littorinid®, 258. 
Loam. See Warp. 
Londesborongh, 27. 
Longitudinal sectionB. See Sections. 
Lonsdale, Mr., reference to, 36. 
Loose Hoe, 25. 
Lower Greensand, 64, 100. 

Lias. See lias. 

Limestone. Su Magneeian limestone. 

Oolite. See Bath Oolites. 

Sandstone series, freestone of, 182. 

Lucinidsd, 252. 

Lyoett, Dr., references to, 113, 193, 194, 

254. 
LycopodiacesB, 198. 
Lyell, Sir Charles, references to, 70, 81, 

lOL 
Lyme Begis, 27. 
Lyth, 28, 186. 
alum-works, 28, 149, 150. 

Mactridjb, 254. 

Magnesian limestone, 6, 19-22, 167, 191. 

Malton, 3, 23, 38, 40, 41, 46, 49, 128-132, 

183, 235, 280. 
Mammalia, fossil, 167, 171, 278. 
Mammoth, remains of, 8, 11, 60, 83, 

168. 
Man, no trace of, in Eirkdale Cave, 48. 
Manchester, 10, 21. 
Mansfield, 21. 

stone, 21, 

Mantell, Dr., references to, 89, 97. 

Manure, limestone for, 183. 

Map of part of coast at Hornsea, 76. 



Map of coast between Fiiey and Scarborough, 

120. 
— ^ of land in Toxtehire during glacial period , 

8. 
Mappleton, 70, 75. 
Maps of Yorkshire, list of, 281. 
Marine deposits of Yorkshire, 1, 100. 
Market Weighton, 11-13, 23, 27, 60, 96. 

Canal, 12. 

Marley, Mr., reference to, 189. 

Marls, 1, 12-19, 22, 39, 95, 157, 159, 162, 

183, 187, 191. 
Marl-slate, 21. 
Marlstone, 28, 38, 140, 141, 167, 159, 174, 

182. 
Marshall, Mr., reference to, 194. 
Marsupites, 89. 
"Matron," the, 92. 
Maybecks, 136, 183. 
Megaceros, 81. 
Merthyr, 175. 
Mesozoic life, 193. 

strata, 4. 

valley, 166. 

Micklefell, 1, 9. 

Middle Lias, 141. See Lias. 

Oolite, 41, 141, 151. S^e OoKtes and 

Oxford Oolites. 
Middlesborough, 6, 22, 186-189. 
Middleton, 11, 191. 

Tyas, 4. 

Middleton-one-Row, 6, 22, 187, 188. 
Middleton-on-the-Wold, 168. 
Midfoid, 31, 33. 

Sands, 29, 33, 139. 

Millepore OoUte, 35, 115-121, 136-140, 175, 

176. 
Millington, 27. 
Millstone grit, 1-6. 
Mineralogy of Yorkshire, list of books, &c. 

on, 281. 
Minerals, useful, 173. 
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Minerals of basaltic dyke strata, 191, 192. 
Mines of iron, lead, &o., 173. 
Molluscs, remains of, 16. 
Monomyaria, 244. 
Moorland district, 24-39. 

series of rocks, 137. 

Morris, Professor, references to, 113, 193, 

234. 
Mountain limestone, 1-5, 60, 124, 167, 191. 
Mowbray, 24. 

, Vale of, 4. 

Mudge, Colonel, reference to, 24. 

Muriddse, 261. 

Murray, Dr., reference to, 193, 194, 321. 

Murton, 103. 

Museums, references to specimens in, 10, 12, 

81, 127, 144, 193, 194, 321. 
Myacid»,254. 
MytUidas, 248. 

Naticibjc, 257. 

Nautilidffi, 263. 

Neocomian strata and Speeton clay, 98. 

Neritidse, 258. 

Newbald, 35. 

Newborough Park, 183. 

Newcastle-on-Tyne, 154, 174. 

New Eed Sandstone, 1, 11, 187, 191. 

— , borings in, 6, 7. 

Newton, East, 74. 

Kyme, 21. 

Newtondale, 37,39, 45, 1 12, 128, 132, 175, 183. 

Nid riyer, 8. 

Nodules on ammonites, &c,, 45. 

in ^>eeton clay, 97, 102. 

Nomenclature of fossils, changes in, 321 . 
Norfolk, 57, 96. 
Normanby, 181. 
North Allerton, 10. 

Cave, 27. 

Cliff, 13, 27. 

Deighton, 81. 



North Grimston, 49. 

Northamptonshire, 28-38, 138, 178. 

Northumberland, 4. 

Norway, transported rocks from, 58. 

Nottingham, 21. 

Nuts in peat, 64, 72. 

Oaks in peat, 64. 

Oil in jet-rock shales, 150, 153. 

Old Nab, 155. 

Old Bed Sandstone, 165. 

OHver's Battery, 133. 

Mount, 40. 

Oolites, 1-5, 29-36, 51-53, 109, 118, 128, 183, 
190, 193. 

of Chalk Wolds, 50-54. 

of Moorland District, 24-39. 

of Tabular Hills, 40-45. 

of the cliffs, 105-139. 

of Vale of Pickering, 46-49. ' 

Oolitic boulders, 15. 

foraminifera, 278. 

Hills, Tabular, 40-45. 

iron-ores, 175, 178. 

period of England, 38. 

Ordnance Survey, references to, 68, 118. 
Ores of iron. See Ironstone. 
Organic remains (Animals), 234-273. 

(Plants), 193-233. 

Origin of limestone caves, 92. 

of petroleum, 185. 

Ormerod, Mr., reference to, 187. 
Osmotherly Moors, 24, 25. 
Ossiferous maii. See Marls. 
" Ossuary," 45. 
Ostracoda, 241. 
Ostreidse, 244. 
Oswaldkirk, 41. 

Bank, 40. 

Ottringham Marsh, 66. 
Ouse river, 8. 
Ousebum, 11, 12. 
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Ont-Newton, 70, 71. 

Overton, 168. 

Owen, Professor, reference to, 272. 

Owlston, 35. 

Owthome, 64, 66, 72-75. 

Mere, 75. 

Ox, fossil, 11, 58, 63, 64, 74, 84. 
Oxford, 36, 42, 44. 

Clay, 41-44, 108-132. 

OoKtes, 25, 41, 108, 109. See OoUtes. 

** Oxfordian " beds, lowest mtmle r t i, 1 ( ( 
Oxfordshire, chalk-marl of; 51, 178. 

Pacific Oceaf, coralline aggregates of, 44. 

PaghiU, 61, 62. 

Palaeontology of Yorkshire, list of books, &c. 

on, 281. 
Palffiozoic strata, 1-7. 
Palermo, reference to cavems of, 48. 
Palmsd ?, 232. 
Parisii, allusion to, 171. 
Parker, Professor W. K., reference to, 279. 
PateUid®, 260. 
Patrington, 62, 85. 
Patterdale, 11. 

Pattison, Mr., references to, 179, 181. 
Peak, the, 36, 39, 137-142, 160, 172, 185, 

190. 
Peak House, 35, 140. 
Peasehohn Beck, 133. 
Peat, 12, 63, 72, 104, 183. 
Peat- and shell-deposit above boulder-day, 

72. 
Peat-deposits in Holdemess, 56, 62-66. 

at Skipsea, 80. 

Pebbles in diluvium, &c., 17, 35, 46, 65, 69, 

82, 133, 165. 
"Pecten^beds, 157, 174. 
Pectinidffi, 245. 
Pendle Hill, 1, 9. 
Pennine Chain, 10, 38, 167. 
Permian rocks, 6, 8, 19-22, 165, 189. 



Permian rocks, boring in, 6. 

of Vale of York, 8, 19-22. 

Perthshire, 165. 

Petroleum, 150-155, 185. 

Phillips, Professor, reference to a memoir by, 
64. 

Pholadidsd, 256. 

Phosphorus in iron-ores, 178, 179. 

Physical geography of Yorkshire, 1, 8, 39, 44, 
62, 162. 

Pickering, 40-50, 94-98, 103, 105, 117, 172, 
183. /S^ Yale of Pickering. 

Pierce Bridge, 21. 

Pit-dwellings, ancient, 39. 

Pits sunk in the Chalk, 51. 

Plan of Eirkdale Cave, 170. 

Plant- and shell-beds, 75. 

Plants, fossil, 34-38, 60, 133-144, 193-238. 

Plates, explanation of, 321. 

Pleistocene, 1, 162. 

, contemporaneity of, in N. and E. York- 
shire, 11. 

currents, effects of, 56. 

, mammalian remains in, 167. 

of Holdemess, 55-66. 

of the diflfe, 105-161. 

of the coast, 67-104. 

of Vale of York, 8-19. 

Plesiosaurian remains, 161. 

Pliny, reference to, 174. 

Pocklington, 11. 

Poland, rock-salt in, 187. 

Polyzoa, 241. 

Pontefiract, 21. 

'* Porcupine," expedition of the, 277. 

Porphyries, 124, 165. 

Portland sands, 49, 54, 98, 102. 

" Portus Felix,'' 103. 

Post-gladal deposits, 19, 56, 62. 

Post-tertiary of Bridlington, 274. 

Potteries, 183, 

Potton, 100. 
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Pregladal depoaitB, 56, 57, 117, 170, 172. 

oonnezion of Pickering Yale and German 

Ocean, 117. 

valleys and sea-difEs, 171. 

Preston, Mr., reference to, 321. 
Prestwich, Mr., reference to, 62. 
Pryme, Mr. de la, reference to, 171. 
Pyramidellidse, 257. 
Pyrites, 175-178, 185. 

QuADBVPXDs, remains of, 15-19. 
Quarries, 129-131, 173, 190. 
" Queen," the, 92. 

Kailwat at Hutton Ambo, 132. 

from York to Malton, 23. 

, section on the, near Castle-Howard sta- 
tion, 32. 

Railway-cutting, York to Malton, 23. 

above Market Weighton, 96. 

near Swindon, 102. 

Railway-section about Crambe Beck station, 
31. 

Railway-station at Barton, 23. 

at Castle Howard, 32. 

at Crambe Beck, 31. 

at Hornsea Bridge, 79. 

Railways, transformation of country by, 174. 

Ramsden Scar, 123. 

Range of coal, probable, 1-7. 

Rankine, Rev. T., reference to, 51. 

Red chalk, 94-96, 195. 

Cliff, 35, 37, 116-118, 125, 128, 132. 

Marls, 1, 13-15, 39, 187, 191. 

Sandstone, 10, 187. See Sandstones. 

Redcar, 24, 27, 161, 173. 

Reedness, 6. 

ReptiUa, 193, 272. 

Retinasphalt of Highgate, 15.3. 

Rhffitic strata, 20, 23, 26. 

Rhinoceros, fossil, 8, 11, 14-19. 

Ribblesdale, 3. 



Riccaldale, 45. 

Richmond, 6. 

Ridgemont, 61, 62, 74. 

Rievaulx Abbey, 40. 

Ringbrough, 74. 

Ripley, 321. 

Riplingham Clump, 50. 

Ripon, 4, 22. 

Roads of the Romans, 39. 

Robin Hood's Bay, 25-28, 33, 34, 94, 141, 

142, 174, 175. 
Roche Abbey, 64. 

Rockcliff, 24, 27, 28, 160, 161, 175, 185. 
Rocks, action of water on, 105. 
Rock-salt, 186-189. 
Romans, burial-places of, 56. 

, jet used by, 150. 

, remains of, at Ffley, 108. 

, roads and camps of, 39. 

Rome, Mr., reference to, 76, 79, 163. 

Rooss, 74. 

Rosebury Topping, 24-28. 

Rosedale, 25, 27, 33, 34, 38, 39, 45, 154-157. 

174, 176, 181, 182, 189. 

Abbey, 181. 

Cliff, 182. 

Wyke, 153,156. 

Rossington Bridge, 64. 

Ruins in Moorland District, 25. 

Runswick, 33, 139, 153, 174, 181. 

Rutland, 140. 

Rye river, 47. 

Salmoitd, Mr., references to, 12, 61, 72, 170. 

Salt. See Rock-salt. 

Saltbum, 27, 139, 140, 160, 174. 

Saltergate, 40, 112. 

Saltwick, 144, 148-154, 161, 175. 

Sancton, 35, 183. 

Sandbum, 11. 

Sandley Meer, 62, 73-75, 168. 

Sandsend, 33, 139, 149-154, 175, 185. 
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Sandstones, 1, 2, 59, 79, 91, 131, 191. 

, boring through, for salt, 186-189. 

, coal in sandstone series, 184. 

near Scarborough, 123. 

of Hambleton HiUs, 30. 

of Moorland District, 24-39. 

of the diflfe, 105-161. 

of Vale of York, 8-23. 

8axon burial-places, 56. 

SoabrsB, 250. 

Scalbj Beck, 133. 

Scale of ancient life, 1. 

Scandinavia, 167, 172. 

, ancient connexion of, with Scotland, 172. 

Scaphoideee, 250. 

Scarborough, 3, 7-10, 24, 35-42, 58, 105-132, 
166, 172, 173, 182, 186, 194, 235. 

Castle, 24, 125-132. 

, cliffs north of, 133-161. 

Museum, reference to specimens in, 193, 

194, 321. 

, building-stone used for, 182. 

Scarbroite, 123. 

Scotland, ancient connexion of, with Scandi- 
navia, 172. 

, peat-bogs of; 81, 84. 

, transported rocks from, 58, 59, 124, 

167. 
Scugdale, 25, 183. 
Sea, action of, on Yorkshire coast, 68, 106. 

, heights above the, 273. 

, rise and fall of, 8. 

Sea-shore caves, 93. 

Seamer, 129, 183. 

Section across northern part of Yale of York, 4. 

across the Yale of York 2,4. 

across Yale of Pickering, 47. 

at Gristhorpe, 116. 

, Bridlington to Filey, 90, 91. 

, FUey to Scarborough, 128. 

, ironstone in diff north of Scarborough, 

155, 156. 



Section of beds exposed in the Brig, 106. 

of beds in the Hambleton Hills, 30. 

of calcareous grit at Hutton Ambo, 131. 

— of Gli£b on the sea-coast, 67. 

at Colbum Nab, 158, 159. 

at Saltwick, 145. 

between Aubume and Bridlington, 

82. 

of coast at Hornsea, looking north* 77. 

■ of Cretaceous series in Yorkshire, with 

the subjacent strata, 54. 

of Ewe Nab, 118. 

of Gristhorpe Cliff, 110. 

of ironstone bands, 177, 179. 

of Lias in Yorkshire, 26. 

of lias, Trias, and Permian strata in the 

Yale of York, 20. 

of Oxford Oolite series in Yorkshire, 41. 

of strata at Staithes, 157. 

of strata of Yorkshire, 2. 



of subcalcareous and ferruginous beds in 

Gristhorpe Bay, 113. 
of succession and thickness of principal 

groups of strata, 3. 
-: — of Yorkshire and South-of-£ngland 

strata compared, 43. 
on railway near Castle-Howard station, 

32. 
Sections of county generally, 1. 
Sedgfield, 189. 

Sedgwick, Professor, references to, 33, 85, 98. 
Seeley, Mr., reference to, 42. 
Selwicks Bay, 92. 

Separation of coal-fields at surface, 5. 
Series of Yorkshire strata, 1. 
Settrington, 49, 50, 131. 

Wold, 47. 

Severn river, 22, 187. 

Sewerby, 90. 

Shales, 1, 2, 153, 188, 19 . 

of Mooriand District, 24-39. 

of Vale of York, 8-23. 



INDEX. 



351 



Shales of the dift, 105-161. 
Shap, 73, 83, 167. 

FeU, 9-11, 69, 166. 

granite blocks, 8-11, 124. 

Sheffield, 3. 

Shell-marls, 81. 

Shells from Post-tertiary bed at Bridlington, 

274. 

in Holdemess, 60-66. 

in Moorland District, 26, 33-38. 

in peat, 63. 

in Tabular HiUs, 45. 

in Vale of York, 16, 19. 

of diluvium, 163, 172. 

of " dogger " beds, 33. 

of the Chalk Wolds, 51. 

of the cliffs, 105-161. 

of the coast, 67-104. 

of Vale of Pickering, 49. 

Sherborne, 138. 

Sherbum, 22, 51, 280. 

Sheriff Hutton, 27. 

Shotover Hill, 102. 

Silhoue Cross, 39, 190, 191. 

SUpho Brow, 40, 42. 

Silt<lepo8it9, 56, 65. 

Silurian strata, 1. 

Simpson, Mr., references to, 141, 144, 193. 

Sinnington, 42. 

Siphonostomata, 261. 

Skeleton of Megaceros, 81. 

Skelton, 161. 

Skerry, 111. 

Skinningrave, 160, 161. 

Skipsea, 60, 64, 80, 81, 168. 

Skirlington Hill Beacon, 80. 

Slate, 173. 

Slaty stone of CoUywestxjn, &c., 36, 38. 

Sleight's Bank, 173. 

Smith, Dr., 42, 125, 126. See Smith, Mr. 

William. 
Smith, Mr. Toulmin, reference to, 235. 



Smith, Mr. William, references to, 29, 36, 61. 

85,97,128,235. /Sr«« SmiA, Dr. 
Sneaton, 136, 190. 
Solenoconchia, 275. 
South Cave, 40. 
Spa of Filey, 108. 
of Scarborough, 186. 

Spain, rock-salt in, 187. 

Spaw (Scarborough), 123, 124. 

Specific gravity of ironstones, 178. 

Speeton Beacon, 94. 

Clay, 2, 47-54, 94-102. 

and Neocomian strata, analogy be- 
tween, 98. 

Cliffs, 3, 47, 94, 95. 

Spilsby, 96. 

Spongida, 234. 

Spurn, probability of its becoming an island, 
69. 

Spurn Point, 67-88. 

Stag, fosol, 15, 72, 74. 

Stainmoor, 10, 11, 18, 167. 

Stainton Cliflfe, 137. 

Staintondale, 34, 35. 

Staithes, 139, 141, 155-161, 174, 175, 178, 
182. 

Stamford, 38. 

Stokesley, 10, 27, 39. 

Stonegrave, 40, 51. 

Stones for building, 21, 122, 127, 182. 

in the Drift, 59. 

Stonesfield, 29, 36. 

Stow Brow, 25, 140. 

Strata of Yorkshire, 1. See muUr lias, 
Oolites, ^c. 

Strickland, Mr. A., reference to, 81. 

, Mr. C, referonoe to, 42. 

, Mr. H. E., roference to, 19. 

Strike of beds on coast, 128. 

Strombidee, 261. 

" Submarine Forest," 75. 

<' Subterranean forest " of Holdemess, 84. 
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HuccoBsion of strata, 2, 3, 

of boulder-claysy 163. 

Suffolk Crag, 70. 
Sulphur in days, 186. 

in ironstones, 179. 

in strata near basaltic dyke, 192. 

Summer House, 93. 
Sunderland, 61, 79. 
Superficial deposits, importance of examining, 

89. 
Sussex, 49, 96-98. 
Sutton, 34. 
Swaledale, 3. 
Swale river, 8. 
Swansea, 48. 
Swindon, 102. 
Sykes, 72. 

Tabulae Hills, 40-45, 172. 

Tanfield, 21. 

Taxaoes, 231. 

Taylor, Mr. R., reference to, 67. 

Tees river, 1, 8, 9, 22, 161, 162, 174, 175, 

179, 183, 186, 191. 
Teesdale, 39, 190. 
Teeth of elephant, 74. 

of mammals, 11, 58, 60, 74, 83. 

of mammoth, &c., 11, 60, 83. 

TellinidsD, 254. 

Terminal diffii north of Scarborough, 161. 

Terrington, 34, 35. 

Tertiary beds of the coast, 85-88. 

Thames river, 19. 

Thickness of beds in Hambleton HiUs, 30. 

of Dogger beds, 33. 

of Kelloway rock, 127. 

of lias, 26. 

of Permian strata in Vale of York, 19. 

of Speeton Clay, 99. 

of strata, 2-7. 

Thirsk, 4, 10, 27-38, 44, 128, 172, 175, 181, 

182, 189. 



Thomson, Professor W., reference to, 53. 

Thome, 171. 

Thuringia, 185. 

Tides, rise of, on coast, 68. 

TomateUids, 260. 

Trap-dyke, 190. See Basaltic dyke. 

Travelling in former times, 174. 

Trees in peat, &c., 64, 72, 84. 

Trent river, 8. 

Trials for water, &c. See Borings. 

Trias, 8-20, 165, 186-189, 193. 

TiigonidsB, 250. 

Troutbeck, 40. 

Tuke, Mr., reference to, 192. 

Tumuli of ancient races, 39. 

Turbinid®, 259. 

TurritelUdae?, 258. 

Tusks of elephant, 80. 

of mammoth, 60, 61, 83. 

Tjrne river, 9. 

Ukconfobmitt of the Chalk, 51. 

Undulatse, 250, 251. 

Unionidffi, 251. 

Upgang, 149, 150, 182. 

Upleatham, 161, 178. 

Upper Carbonaceous. See Carbonaceous. 

Greensand. See Greensand. 

lias. See Lias. 

Upware, 42. 

Urus, remains of^ 18. 

Yal d'Abno, ossiferous deposits in, 19. 
Vale of— 

Avon, 22. 

Cleveland, 24. 

Derwent, 8, 32, 44, 45. 

Eden, 10, 166. 

Esk, 27, 149, 157. 

Gilling, 40. 

Gloucestershire, 24. 

Mowbray, 4. 



INDEX. 



353 



Vale of— 

Oufle, 8. 

Pickering, 8, 40-50, 94-105, 117, 130, 
174,280. 

Severn, 22, 187. 

Thames, 19. 

Trent, 8, 11. 

York, 1-20, 166, 168, 172, 183. 

, glacial drift in, 8. 

, Pleistocene, Permian, Triassic, and 

Liassic deposits of, 8, 10. 

, sections across, 2, 4. 

Valleys, excavation of, by streams, 50, 9 1 . 

of Moorland District, 24-39. 

of the Tabular Hills' district, 44. 

, properly called ** dales," 25. 

Veneridae, 254. 

Vernon, Rev. L. V., reference to, 33. 

, Rev. W. v., reference to, 123. 

. See Harcourt. 

Vertobrata, 271 . 

Waoiiex Fkn, f)4. 

Wainstones, 25, 2^. 

Wales, South, reference to ironworks of, 175. 

Wandsworth stone, 21. 

Warp, 62, ^^^. 164, 16."), 1?<4. 

Wass Bank, 40, 41. 

Waste of coast, 67, 172. 

Water, disappearance of, in valleys, 45. 

, effects of action of, 17, 18, 50-68, 129, 

171. 

, excavation of valleys by, 9 1 . 

, substances carried by, 59. | 

, supply of, for Holdemess, 66. 

, trials by boring for, 280. 

. See Wells. 

Watering-places, 173. 
" Wateratone," 20. 
Weedon Beck, 38. 
Weldon, 21. 
Wells sunk in the Chalk, 51. 



Wells at Blockhouse Mill, 65. 

in Holdemess, 74. 

West Riding coal-field, 37. 

Westbury, 23. 

Westmoreland, 59, 61, 164-166. 

Westow, 35, 37, 183. 

Wetherby, 64, 81,168. 

WTiarfdale, 3. 

Wharfe river, 8. 

Wharram, 50. 

WTieatcroft's Farm, 123, 124. 
I - Whin siU " of Teesdale, 190. 
i Wliitaker, Mr.W., list of books, &c. on geology, 
mineralogy, and palseontology of Yorkshire, 
by, 281. 

Whitby, 3-10, 24-29, 33, 34, 68, 61. 69, 79, 
136-149, 166-186, 193, 194, 321. 

Abbey, 34, 182. 

Harbour, 2S, 

, Hi-h, 34. 

Miiseura, reference \o specimens in, 144, 

321. 

White Nab, 29, 30, 35, 121-123, 134, 144, 

175. 
Whitestone Cliff, 175. 
Whitwell, 34. 
Williamson, Mr., references to, 126, 193, 321. 

, Prof., references to, 113, 193, 194, 234. 

Wilton Beacon, 50. 

Wiltshire, 41-44, 96, 124-127. 

, Mr., references to, 94, 96. 

Winestead, 72. 

Withemsea. 72, 73, 174. 

Wittering Heath, 36. 

Wolds, the, 3, 11, 17, 35, 40, 47-57, 183. 

of Lincolnshire, 41 . 

Wolf, fossiL 14-18. 
Wood, deposits of, 56, 57. 

, Mr. Searles, references to, 70, 79, 87, 

163. 
Woodall, Mr., reference to, 137. 
Woodward, Mr. S. P., references to, 87, 163. 

2z 
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Woroestenhire, 19, 187. 
Wormmiej, 22. 

Wonley, Mr. W., referenoes to, 12, 13. 
Wright, Dr., referenoes to, 25, 110, 113, 193, 
194. 

Yam, 187, 188. 

Teddingham, 280. 

Yeovil, 37. 

Yew trees in peaty tracts, 64. 

Yore river, 8, 22. 

Yoredale, 3, 4. 

York, 6, 7, 9, 11, 23, 25, 168, 182, 184. See 

Vale of York. 
York Mnsenin, reference to specimens in, 10, 

12, 127, 193, 321. 

, bnilding-stone used for, 182. 

Yorkshire, basaltic dyke of, 190. 

, boundaries ofi 1. 

, Chalk Wolds of, 50. 

, dift of, 105. 

, coal and ironstone of, 2-7, 176. 



Yorkshire, coast of. Spam Point to Brid- 
lington, 67 ; Bridlington to Filey, 89. 

, diluvium ofi 162. 

, economic geology of, 173. 

, heights in, above the sea, 273. 

, Holdemess, 55. 

" Library," 281. 

, list of books, &c. on geology, mineralogy. 



and palsBontology of, 281. 

, Moorland District o^ 24. 

, oiganic remains in, 193, 277. 

Philosophical Society, references to, 12, 

51, 65, 72, 127, 192. 

, physical geography of, 1, 8, 39. 

, scale of ancient life in, 1. 

, series of strata of, 1. 

, Tabular Oolitic Hills o^ 40. 

, Vale of Pickering, 46. 

Young, Dr., reference to, 175. 

Zamiacbjs, 36. 
Zinc, 173. 
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